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FOREWORD 

The National Standard Reference Data System provides effective access to the quantitative data of phisical science, 
critically evaluated and compiled for convenience, and readily accessible through a variety of distribution channels. The 
System was established in 1963 by action of the President's Office of Science and Technology and the Federal Council for 
Science and Technology, with responsibility to administer it assigned tc the National Bureau of Standards. 

The System now comprise« a complex of data centers and other activities, carried on in academic institutions and other 
laboratories both in and out of government. The independent operational status of existing critical data projects is maintained 
and encouraged. Data centers that are components of the NSRDS produce compilations of critically evaluated data, critical 
reviews of the state of quantitative knowledge in specialized areas, and computations of useful functions derived from stand- 
ard reference data. In addition, the centers and projects establish criteria for evaluation and compilation of data and make 
recommendations on needed improvements in experimental techniques. They are normally closely associated with active 
research in the relevant field. 

The technical scope of the NSRDS is indicated by the principal categories of da, jompilation projects now active or 
being planned: nuclear properties, atomic .'rid molecular properties, solid state properties thertnodynamic and transport 
properties, chemical kinetics, and colloid and surface properties. 

The NSRDS receives advice and planning assistance from the National Researcl Council of the National Academy of 
Sciences-National Academy of Engineering. An overall Review Committee considers the program as a whole and makes 
recommendations on policy, long-term planning, and international collaboration. Advisory Panels, each concerned with a 
single technical area, meet regularly to examine major portions of the program, assign relative priorities, and identify 
specific kev problems in need of further attention. For selected specific topics, the Advisory Panels sponsor subpanels 
which make detailed studies of users' needs, the present state of knowledge, and existing data resources as a basis for 
recommending one or more data compilation activities. This assembly of advisory services contribute? greatly to the guidance 
of NSRDS activities. 

The NSRDS-NBS series of publications is intended primarily to include evaluated reference data and critical reviews 
of long-term interest to the scientific and technical community. 

Lewis M. Branscomb, Director 

rz 



CONTENTS 

General Introduction 
Page 

A. INTRODUCTORY REMARKS  i 
B. SCOPE OF THE TABLES  i 
C. CRITICAL REVIEW OF THE DATA SOURCES AND METHOD OF EVALUATION  i 

1. Cenerul Review of the Problem  i 
2. The Critical Factors for Determining Transition Probabilities  ii 

a. Critical Factors in the Experimental Methods  ii 
a. Measurements in Emission  ii 
ß. Measurements of Anomalous Dispersion  iii 
y. Lifetime Measurements  iii 

b. Critical Factors in the Theoretical Methods  iii 
a. Calculations Based on Self-Consistent Field (SCF) Wave Functions  iii 
ß. The Nuclear Charge-Expansion Method    iii 
y. The Coulomb Approximation  v 
8.  AS-coupling  vii 

c. Critical Factors for Forbidden Lines  viii 
3. Exploitation of Systematic Trends  x 

a. Dependence of/-values on Nuclear Chcrge Z  x 
b. Systematic Trends of/-values Within Spectral Series  x 
c. Homologous Atoms  x 
d. Examples  x 

4. Classification of Uncertainties  xiv 
D. GENERAL ARRANGEMENTS OF THE TABLES  xv 
E. FUTURE PLANS AND ACKNOWLEDGMENTS  xv 
REFERENCES  xv 
KEY TO ABBREVIATIONS AND SYMBOLS I'SED IN THE TABLES  xvi 
USEFUL RELATIONS  xvj 
CONVERSION FACTORS  xvjj 

List of Tables 

Sfifitrum 1'npr 

Sodium         Nal  1 
Nail  8 
Na 111  9 
NalV  12 
Na v  14 
Navi  16 
Navn  19 
NaVMi  21 
NalX  23 

Magnesium Mjjl  25 
Mgll  29 
Mglli  31 
Mgiv  32 
Mgv  34 
Mgvi  35 
Mgvn  37 
Mgvm  40 
Mgix  42 
Mgx  44 
MgXi  46 

Aluminum   Al 1  47 
Al ■■  51 
Allll  56 
Aliv  58 
Alv  59 
Alvi  60 
Alvil  61 
Ai vill  63 
Al IX  65 
Alx  67 
Alxi  69 
Al XII  70 

Stin-trum ftvr 

Silicon         Si 1  71 
Sill  76 
Sim  8! 
Siiv  87 
Siv  91 
Sivi  92 
Si Vll  93 
Si vill  94 
Siix  96 
Six  98 
Sixi  101 
Sixil  103 

Phosphorus Pi  105 

Pil  110 
Pm  il4 
Piv  116 
Pv  120 
Pvi  121 
Pvil  122 
H vill  123 
Pix  124 
Px  127 
Pxi  128 
Pxil  130 
P Xlll  131 

Sulfur         Si  133 
Sn  l.*s 
Sill  145 
Siv  148 
Sv  159 
Svi  152 
SVII  154 



List of Tables-Continued 

Siirrlrum I'l'M' 

Sulfur-Continued 
S vill  154 
Six  155 
Sx  156 
Sxil  157 

Chlorine      Cl l  158 
Gill  162 
Cl in  171 
Cliv ,  177 
Civ  179 
Clvi  180 
Civil  182 
Clvill  184 
Chx  184 
Clx  185 

Arison           An  187 
Aril  201 
Arm  211 
Anv  214 
Arv  216 
Arvi  218 
Arvil  219 
Arvill  220 
Arix  222 
Arx  222 
Arxi  223 
Arxill  223 
Arxiv  224 

Sitertrtim /'« 

Potassium    K l  225 
Km  233 
Kiv  234 
Kv  236 
Kvi  237 
Kvn  239 
Kvili  240 
Kix  241 
Kx,  242 
Kxi  243 
Kxiv  244 

Calcium       Ca I  245 
Call  250 
CalV  255 
Cav  256 
Cavi  257 
Cavil  259 
Cavm  260 
CalX  261 
Cax  263 
CaXI  264 
CaXIl  265 
Caxill  266 
Caxv  266 

List of Recent Additional Material  268 

f 



'•! 

ATOMIC TRANSITION PROBABILITIES* 

(A critical data compilation) 

Volume II 

Elements Sodium through Calcium 

W. L. Wiese, M. W. Smith, and B. M. Miles 
Atomic transition probabilities for about 5,0(10 spectral lines of the second ten elements, based on all available literature 

sources, are critically compiled. The data are presented in separate tables for each element and stage of iunization. For 
each ion the transitions are arranged according to multiplets, supermultipiets, transition arrays, and increasing quantum 
numbers. Allowed and forbidden transitions are listed separately. For each line the transition probability for spontaneous 
emission, the absorption oscillator strength, and the line strength are given along with the spectroscopic designation, the 
wavelength, the statistical weights, and the energy levels of the upper and lower states. In addition, the estimated accuracy 
and the source are indicated. In short introductions, which piece'1" '•*• tables for each ion. the main justifications for the 
choice of the adopted data and for the accuracy rating are discussed. A general introduction contains a detailed discussion 
of the critical factors entering into each major experimental and theoretical method. It also includes a general critical 
assessment of the widely used Coulomb approximation, and a number of illustrative examples for the exploitation of regu- 
larities or systematic trends among oscillator strengths. 

Key Words: Allowed and forbidden transitions; oscillator strengths: transition probabilities; sodium; magnesium: 
aluminum: silicon: phosphorus; sulfur; chlorine: argon; potassium; calcium. 
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A. INTRODUCTORY REMARKS 

This is the second part of a continuing effort to critically 
evaluate and compile atomic transition probabilities. After 
completion of the first part which contained the available 
data for the elements hydrogen through neon [1], we scanned 
through the/-value** literature [2] for the heavier elements 
and found somewhat to our surprise that the numerical 
material on the elements with atomic numbers 11 through 20, 
i.e., up to the first element of the iron group, was rather 
extensive and appeared to be fairly well distributed through- 
out these spectra, including the higher stages of ionization. 
We therefore decided to systematically evaluate the data 
for these elements of the third period of the periodic system 
and in addition K and Ca. In the course of our preliminary 
survey we found several serious gaps and discrepancies in 
the data. Several research teams, in particular our own 
Plasma Spectroscopy Section at NBS, undertook the task 
to improve the situation for these spectra. Thanks to these 
efforts and to the availability of the Coulomb approximation 
by Bates and Damgaard [3], as well as to the exploitation 
of many evident regularities among atomic/-values [4], we 
are now able to present a fairly complete body of material 
of moderate accuracy. However, need for further improve- 
ment is quite evident on close inspection of the tables, 
especially for the important spectra of Si 1, Pi and PH. 
The still rather unsatisfactory status of the numerical data 
with regard to accuracy is probably best indicated by the 
fact that this extensive compilation contains only two allowed 
transitions classified as having an uncertainty of less than 
3 percent, namely the Na-D lines. 

B. SCOPE OF THE TABLES 
In our present compilation we maintain the scope and 

format of our earlier Volume I [1], i.e., we present critically 
evaluated transition probabilities of allowed and forbidden 
discrete transitions of elements Z= 11 through 20 including 
all stages of ionization for which we have data. As source 
material all the literature references contained in [2] plus 
some more recent papers have been used. 

We have aimed again at presenting fairly reliable/-values 
for at least all the strong characteristic lines of the various 
atoms and ions in order to present a table of general useful- 
ness. Specifically, we have tried to include at least the first 
half of the multiplets listed for each spectrum either in the 
"Revised Multiplet Table" [5], in the "Ultraviolet Multiplet 
Table" [6] or in the recent "Selected Tables of Atomic 
Spectra" |7J. 

Aside from this objective of listing the stronger lines, we 
have included all additional available material with uncer- 
tainties no! exceeding 50 percent. Most of the final tabula- 
tions were undertaken during 1967 and the firät half of 1968. 
Thus, essentially all literature through 1967 and in some 
cases even later work could be taken into account. 

C. CRITICAL REVIEW OF THE DATA 
SOURCES AND METHOD OF 

EVALUATION 
1. General Review of the Problem 

The present status of our knowledge of atomic transition 
probabilities must still be considered as being far from ideal. 

'Supptirtpd liy ihr  Mvanml HrM-nrrh Knijert» \|lrnfy of thr Drparlmtnl «if DmiiM*. un<Vi 
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but some good progress has been made during the last few 
years. In particular, the increased availability and use of 
computers have made feasible much more refined theoretical 
approaches than would have been thought possible just a 
few years ago. Among the recent theoretical advances the 
inulticonfigurational approach, also called the method of 
"superposition of configurations" (SOC), developed by 
Weiss [8,9,10] and others [11.12,13,14] should be especially 
singled out. Another significant recent development has been 
the application of the nuclear charge-expansion method to 
the calculation of/-values by Dalgarno and his co-workers 
[15, 16, 171. On the experimental side, the Hanle effect 
method of measuring accurate atomic lifetimes must be 
especially mentioned as a method brought into recent 
prominence by the productive work of several groups, not- 
ably by Lurio and others [18,19]. Many other proven methods 
have progressed quite a bit by the introduction of modern 
data processing techniques, which have made the data much 
more amenable to statistical error treatments. Finally, the 
detection of many systematic trends and regularities ameg 
/-values (see also C.3) ties many independently determined 
data together for the first time and has thus established a 
reliable framework of values. 

In Volume 1 we have already given a short description if 
the major experimental and theoretical methods from which 
the bulk of the data are obtained; thus we do nut have to 
repeat this here. For detailed descriptions of the various 
approaches we would also like to refer to two recent review 
articles, namely a review of the theoretical approaches by 
Layzer and Garstang [20] including those for forbidden lines 
and a general discussion of the various experimental 
methods by one of us [21]. 

The central problem of this compilation is the evaluation 
of the reliability and accuracy of the available data. Since 
this aspect is so crucial, we want to discuss it in detail again 
and thus complement and add to the remarks we have al- 
ready made in our earlier published volume. 

First the principal four guide-posts should be stated by 
which we have evaluated the accuracy of the data. These are: 

I. The author's evaluation of his uncertainties. 
II. The degree of agreement between the results and 

other reliable material. 
III. The author's consideration of all major critical 

assumptions and factors entering into the results. 
IV. The degree of fit of the data into established regulari- 

ties and systematic trends or consideration of possible 
reasons for deviations. 

Only a few general comments may be made about points 
I and II. All further remarks on these points depend so much 
on the particular available material that they have to be 
relegated to the individual introductions for each spectrum. 
Our principal comment on the authors' estimates of their 
uncertainties is that we Have sometimes found experi- 
mentalists to give only estimates of their statistical errors, 
but no allowance for any suspected ystematic errors. On 
such occasions we have been more conservative with our 
estimates than the original authors. In many other instances 
authors have been simply too optimistic in their error esti- 
mates, as is borne out by the discrepancies of their results 
with other reliable material much outside the mutually 
estimated error limits, or by discrepancies with well-estab- 
lished systematic trends. 

Point II, i.e., specific comparisons with other data, does 
not warrant any further general comment. Many of the 
introductions on the individual spectra contain special 
comments on this subject. An illustrative example of our 

comparison tables will be given later in some other connec- 
tion (see table 7). 

2. The Critical Factors for Determining 
Transition Probabilities 

A detailed discussion is now in order on points III and IV. 
Since the success of an experiment or a calculation is 
mainly a question of how well the critical factors encountered 
in t'.ie particular method have been coped with, we have 
soiled out and collected below the major factors which need 
to be considered for the application of each of the major 
experimental and theoretical methods. This list should 
reflect the current slate of our knowledge about the major 
problem areas in the various methods. In each available 
experiment or calculation, all these critical factors should 
have been considered, e.g., all the assumptions and approxi- 
mations going into the method should have been examined 
for valiJity. Thus we may use these factors as a set of cri- 
teria by which to judge each paper: If they are properly 
treated or accounted for, a paper should pass: otherwise it 
should be rejected from this compilation. However, we fo.md 
that at the present time we cannot judge the literature with 
such a rigid procedure, since we would then lose many of the 
available papers because, for example, it was sometimes not 
feasible to consider all critical factors. We have therefore 
relaxed our requirements and have often included slightly 
defective papers, where, for example, the authors have not 
properly accounted for all presently known sources of syste- 
matic errors but for most of them. In these cases we have 
of course adjt sted the estimated errors or we have discarded 
the absolute :«cale of an experiment, if only this was defec- 
tive, but have used the relative values. 

a. Critical Factors in the Experimental Methods 

a. Measurements in Emission —The largest number of 
experimental /-values have been obtained from measure- 
ments of the intensities of spectral lines which are emitted 
from plasmas under known conditions. With arc sources 
the spectra of Mg I, Si I and II, S I and II, Cl I and II, Ar I and 
II and Ca I, with shock tubes the spectra of S I and II. 
Cl I and II and Ar I and with a flame source the spectrum of 
KI have been studied. In evaluating these experiments we 
have especially investigated if the following critical assump- 
tions and factors are satisfactorily taken into account by 
the authors: 

la) Existence of local thermodynamic equilibrium (LTE) 
or, for relative /-value measurements, existence of 
partial LTE. 

lb) Absence of self-absorption. 
(c) Consideration of demixing effects in arcs. 
Id) Consideration of the effects of boundary layers  in 

shock tubes, and the effects of inhomogeneous zones 
in sources assumed to be homogeneous, 

le) High density corrections in plasma sources. 
(0 Consideration of the intensity contributions in the line 

wings and for the background below the li.es. 
(g) Adjustments for inherent uncertainties in th™ diagnos- 

tic methods (for example, for uncertainties in plasma 
line-broadening theory). 

The  largest  uncertainties in  the /-values result  if the 
requirements (a), (b), and (c) are not fulfilled. However, in 
the case of self-absorption, i.e., for deviations from require- 
ment (b). strong lines are affected much more than the 
weaker ones. If the points (d) through (g) are no! properly 
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treated, then the effects on the transition probabilities are 
normally much smaller and hardly ever give rise to uncer- 
tainties above 50 percent. 

Absorption experiments, which in this compilation are 
only encountered for the cases of Mgl and Cal, are quite 
similar in their critical requirements to the above-discussed 
emission experiments and will therefore not be discussed 
further. At this point some comments» are in order on the 
extensive transition probability tables by Corliss and 
Bozman [22]. The transition probabilities obtained by these 
authors are derived from the spectral line intensity measure- 
ments of Meggers et al. [23], Since the primary objective of 
this work has been the measurement of line intensities on 
a uniform scale, but not the measurement of transition proba- 
bilities, several of the critical factors and assumptions listed 
above were not taken satisfactorily into account Especially 
the nonconsideration of oui points (d), (a), and (c), in that 
order, is probably responsible for many strong discrepancies 
observed between their material and other data, ranging in 
size up to factors of 20. Since we have other material, from 
fairly reliable sources, for practically all the lines treated by 
Corliss and Bozman, we have refrained from using any data 
from their tabulation. 

ß. Measurements of Anomalous Dispersion —We have 
employed the data from several anomalous dispersion meas- 
urem nts, performed with the hook method, for the spectra 
of Na I, Mg I, AI I, Si I, KI and Ca I. The most critical factors 
of this method are the assumptions going into the determina- 
tion of the populations of the atomic energy levels from 
which the absorption of radiation takes place. We have 
however in all cases circumvented this potentially large 
source of systematic uncertainty by employing the results 
only on a relative .scale, that is, by renormalizing the meas- 
ured /-values to a scale different from the originally deter- 
mined one. 

y. Lifetime Measurements— Lifetime measurements with 
the delayed coincidence and phase shift techniques as well 
as with the Hanie effect have been carried out for Nal, 
Mgi and II, All, Si I and II, Pi and II, Si and II, Cll, 
Ar I and II. KI and Ca I and II. The derived transition proba- 
bilities, even though there are only very few per spectrum, 
are among the most accurate ones available to date. The 
major critical factors of lifetime experiments are: 

(a) Radiative cascading. 
(b) Radiation trapping or imprisonment. 
(c) Collisions! depopulation of a level. 
(d) Self-absorption in the spectral lines emitted by the 

light sources used for the excitation. 
(e) Insufficient spectral resolution for the detection of the 

radiation. 

Points (a) and (e) can become potential sources of syste- 
matic errors only if nonmonoenergetic electron beams are 
used with energies sufficiently above the threshold energy 
of the level to be observed, because in this case one has no 
way of selective excitation of the atomic energy levels. Thus, 
if lines emitted from other levels have accidentally the 
same or nearly the same wavelength as the transition to be 
investigated, they would also be admitted to the detector if 
the spectral resolution of the system is insufficient. Self- 
absorption in the light source used for the excitation (point 
(d)) may be critical in Hanle effect experiments, since it leads 
to a distortion in the measured shape of the output signal. 
Cascading and radiation trapping, (a) and (b), normally tend 
to lengthen the measured lifetime, while collisional depopu- 
lation (c) shortens it. 

L>. Critical Factors in the Theoretical Methods 

Theoretical treatments have provided the large majority 
of the data fo- this compilation. They contribute greatly to 
all first and second spectra (with the exception of Ar I and 
Ca I) and are the exclusive source on all higher spectra. 

F'»r the theoretical approaches the situation differs from 
the experiments insofar as they cannot be subjected to a 
systematic error analysis, since there is no simple quantita- 
tive measure available for estimating the size of the uncer- 
tainties introduced by the various approximations in the 
theoretical models. However, comparisons with accurate 
experimental results, as well as analysis of the data in the 
light of apparent regularities and sum rules, and, finally, 
general consistency checks (for example, between the dipole 
length and velocity approximations of the transition integral) 
have accomplished a great deal towards exposing the critical 
factors and finding general criteria which must be met for 
obtaining reasonably reliable theoretical /-values. The two 
main criteria may be stated as follows: 

(a) For transitions with equivalent electrons present in 
the upper or lower state the calculations should include the 
effects of configuration interaction, since in this case one 
cannot reasonably apply the independent-particle model to 
the jumping electron, but has to take into account correla- 
tion effects between the electrons. 

(b) For transitions where the jumping electron is in a shell 
by itself, the initial and final levels should be checked for 
possible neighboring perturbing terms, in which case a 
configuration interaction treatment may become necessary. 
But, unless such a special situation is encountered, the 
standard one-electron approximations should be adequate, 
provided the transition integral is not subject to strong 
cancellation effects. The spectroscopic data should also be 
examined for indications of spin-orbit interaction before a 
particular coupling scheme is adopted. 

a. Calculations Based on Self-Consistent Field (SCF) Wave 
Functions. The often-employed SCF calculations have been 
used in various levels of refinement, which may be arranged 
in a hierarchy of approximations such as presented in 
figure 1. Many comparisons with experiments have shown 
the following: First, for transitions between moderately or 
highly excited states, i.e., with the jumping electron in a shell 
by itself, the Hartree-Fock or the simplified Hartree-Fock- 
Slater approximations usually give adequate results, pro- 
vided no cancellation in the transition integral and no 
perturbing terms are present. Secondly, for transitions 
involving orbits which strongly penetrate the core, polariza- 
tion or relaxation of the core should also be taken into 
account. Thirdly, if in the case of shell-equivalent electrons 
(i.e., electrons with the same principal quantum number) the 
interaction with other electrons is very strong, i.e., if the 
independent-particle model breaks down, then the SCF 
approach should be used in conjunction with en extensive 
multi-configurational treatment (e.g., the superposition-of- 
configurations approach), or some equivalent procedure 
which adequately represents the detailed effects of electron 
correlations. 

ß. The Nuc'ear Charge-Expansion Method. This method 
has been rect ntly applied to a number of transitions in 
simpler atomic systems. Many comparisons with experiments 
and other theoretical methods indicate that it produces nor- 
mally rather accurate /-values for high values of the nuclear 
charge, i.e.. for the highly charged ions in each sequence. 
This statement applies primarily to the multiple! /-values, 
while the individual line /-value may be affected by devia- 
tions from /^-coupling which generally increase for the 
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SCF with exchange 
and multi-configuration treatment 
(Superposition of configurations) 

SCF with exchange 
and polarization 

SCF with exchange 
(Hartree-Fock) 

SCF with approx. exchange 
potential 

(Hartree-Fock-Slater) 

Self-consistent field (SCF) 
(Hartree) 

FIGURE 1.   Hierarchy of self-consistent field {SCF) approximations. 
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highly charged ions. This is clearly observed in figures 4 and 
5, given latei in connection with the discussion on the nuclear 
charge dependence of/-values. But in figure 6 the few avail- 
able data do not permit a definite conclusion at this time. The 
same figures indicate, on the other hand, that the charge 
expansion method is, in its present level of refinement, not 
satisfactory at the neutral ends of isoelectronic sequences, 
especially for those transitions where configuration effects 
are pronounced. A more complete treatment of thes- effects 
is clearly needed. 

y. The Coulomb Approximation. Some detailed remarks 
about the Coulomb approximation [3] are in order since 
we have extensively applied this very useful approximation 
to fill many glaring gaps in the data. The Coulomb approxi- 
mation does very well indeed in its proper range of applica- 
tion. This may be best seen when it is subjected to the two 
possible checks mentioned earlier, namely, first to a com- 
parison with the most accurate experimental data and sec- 
ondly to the degree of fit into 'he systematic trends. 

Let us first review the comparisons with accurate experi- 
mental data: The most accurate ones are from lifetime 
measurements where the uncertainties are typically 10 
percent or less. We have therefore collected in table 1 all 
available comparisons between the Coulomb approximation 
(when it is not subject to significant cancellation) and either 
lifetime measurements or those other data which are based 
on an absolute scale obtained from lifetime measurements. 
We have ordered these data according to the complexity 
of the spectra and type of transitions. One may draw the 
following conclusions: lor one-electron spectra (part a of 
table 1) the agreement is very close as expected; for more 
complex spectra (part b), but with the jumping electron in 
a shell by itself, the agreement is still quite good, even in 
the cases of Ar I and II, and it usually becomes better the 
less penetrating the orbits of the states are; but, finally, 
with equivalent electrons present, as in MR! (part c), large 
deviations are apparent which are not surprising since this 
is really outside the range of application for this method. 

TABLE la. Comparison between data from the Coulomb approximation and from accurate ex- 
perimental sources for one-electron spectra 

Transition 

Multiple! /-value 

Method and Author»* Spectrum 

Coulomb 
Approx. 

Experiment 

Nat 3s —3/< 0.94 0.955 
0.975 
1.029 

Life: Kibble et al. 
Life: Link. 
Life; Baylis. 

3p-4tf 0.095 0.106 Life,   and   central   field   approx.:   Karstensen 
Schramm: Prokofev. 

and 

4/>-4d 0.97 0.91 Life,   and   central   field   approx.:   Karstensen 
Schramm: Prokofev. 

and 

Mgn 3s—3/> 0.89 0.96 Life; Smith and Gallagher. 

Kl 4s—4/) 0.99 0.954 
1.02 

Life; Link. 
Life: Schmieder et al. 

Call 4s—4/i 
3rf-4/j 

0.99 
0.049 

0.97 
0.053 

Life: Smith and Gallagher. 
Life: Smith and Gallagher. 

*The complete references are listed in lhi; tabulations for each spectrum- 



TABLE lb. Comparison between data from the Coulomb approximation and from accurate experi- 
mental sources for transitions where the jumping electron is in a shell by itself 

Transition Array 

Total line strength .S 

Spectrum 
Coulomb 
Approx. 

Expert in ml 
Method anil Authors* 

An 

Aril 

4s—4/i 

4/J — 6s 

4s — 4/> 

333 

17.5 

468 

352 

12.2 

419 

Life   anil   stabilized   arc:   Klose,   und   l'opcnoe   und 
Sliumuker. 

Life and stabilized arc; Klose. Rues et ul., Corliss and 
Sliumuker tweak   lines  obtained  from  intermediate 
coupling calculations of Johnston). 

Life and stabilized arc; Menuett et ul.. Sliumuker und 
Popenne.   Scbnupuuff   (weak   lines   obtained   from 
intermediate   coupling  calculation»   of   ftudko   und 
Tati|i. Suitz et ul.. and Carstang). 

*The complete references are listed in the tabulations .or each spectrum. 

TABLE lc. Comparison between data from the Coulomb approximation and from accurate experi- 
mental sources for transitions with shell-equivalent electrons 

Transition 

Multiple!/-value 

Method and All Spectrum hors* 
Coulomb Experiment 
Approx. 

Mill 3s- 'S-3s3/> 'P* 1.656 1.85 Lite; l.urio. 
Life: Smith und C.ullugher. 

Ca! W 'S-4.54/) 'P° 1.83 1.79 
1.74 
1.72 

Life: l.urio. 
Life: Smith und Cullugher. 
Life: Mulpke et al. 

All 3ä*3p sP°-3jä3<i aÜ 0.41 0.175 Life: Budick. 
3s-.ty *P°-As*4s -S 0.05 0.121 Life; Demi rüder. 

Sill 3s23/)-P°-.V3rf2D 0.57 0.5? Life: Lawrence and Savage. 
3s-3/. W-feHi »S 0.065 0.129 Life: Lawrence and Savage. 

Sil 3.^3/.- »P-3»*3/<3rf »D" 0.462 0.068 Life: Lawrence and Savage. 
3j»3p- »P-3»'3JI4» :,P" 0.051 0.155 Life and intermed. cnupl. calc: Lawrence und Savage. 

'D-'l'° 0.055 0.135 Life and intermed. coup!, calc: Lawrence and Savage. 

■S-'P" 0.0.56 0,100 Life and intermed. cnupl. calc: Lawrence und Suvage. 

•The complete references are listed in the tabulations for each spectrum. 
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TABLE 2. Estimated uncertainties for (-values obtained from the Coulomb approximation 
Ttif »«• rnliniiilt-h ilii mil n|i|it) fnr i-atl-a willi «•vrrr rdiMrllatinn in tin* Irdiinilmn inlriiral. fur *liirli ihr ummainlifi urr nnii-l hiidirr. Tran*ili.iii« lietwc rn Male* 

liiwrr Ihan the mint linlril m* rnni*idrr«*d nutsidi4 llir rani«- nt d;i|ilirabilil> inT thin a|i|inninidiinn. The/-vuluni fur Individual llti**-.» and inulli'iiri-. nwv lie «ilm-tlmr* 

\r*n ai-ruralr ifuf to il--par|jrr- from lilt* flurmallv applied /,V*'iiu|ilirnr liti-r V..2 b.8.1. 

Transition 
Estimated 
uncertainty 
(|)ereent) 

Isoclectronic sequences 

ls2»is — 1S2/I/I 

m/i - Hi 

mil — «./ 
ls22s»iii — l."2iW 

Ziims — limp 

TO/» — >u! 

s22s22ii"rn.v — I.!22i22/>"n/) 

la) 

Ibl 
»i/i — nrf 

la) 

(m=2.3 
(m = 2.3 

(»i = 2. 3 
(m = 3. 4 
«m = 3. 4 

(m = 3. 4 . . 

(« = 3. 4 . . 

«=1.2.3 

.:n = 2. 3 

.: »-=2.3 . 

.:n = 3. 

..» = 3. 

.: » = 3, 

.: i- = 3. 
. .)* 

« = 3. 4 . . .) 

ll» 

ii = 4. 5 
(m = 3.4     . .: 1 = 3.4 . . .) 
«=1.2.3 

» = 4.5 

l.v22s22//'»i.s-     1 «22.«22/-,i«/. (m = 3. 4 . . .: » = 3.4 . . .) 
nip —                   its or nil (»i = 3.4 . . .:n = 3. 4 . . .) 
mil—                   np or nj (m = 3. 4 . . .: n = 4. 5 . . .) 
»//—                   nrf (»1 = 4.5 . . .:n = 5. 6 . . .) 

I.v22.«s2/i"3sros — I S22.>22/I'\3SII/I («1 = 4.5 . . .in = 4. 5 .  . . )2 

»i/<—                   M iir m/ (m = 4.5 . . .: n = 4.5 . . .)2 

IIK/-                   ii;i or «/ (m = 3. 4 . . .: n = 4.5 . . .)•■ 
m/—                   i»/ (»1 = 4.5 . . .: n = 5.6 . . .) 

i-r2s22/iB3s2iii'/ — I .V22S22/»B3S2II/I or «/ (m = 3. 4 . . ..« = 4.5 . . .1 

»i.-—                   n/i (»i = 4.5 . . .:n= i. 5 . . .) 
m// —                   iis or «i/ (»i = 4.5 . . .:n = 4. 5 . . .) 
»i/-                   »i/ (»i = 4.5 . . .: H = 4.5 . . .) 

I.s22s22/iti3ls''3/*"ni.s- — ls22s22/iB »523/I"II/I 

(« = 1.2. 3. 4. 5: m = 4. 5 . . .: n = 4. 5 .  . .) 
»i/i—                     «s or in/ 

!« = 1. 2. 3. 4. 5: m = 4. 5 . . .: « = 4. 5 . . .) 

I0-20' 
10-20 
10-20 

25 
25 
25 

Lithium. 

Beryllium. 

25 Boron, carbon, nitrogen 
oxygen. 

50 Fluorine, neon. 

25 Boron, carbon, nitrogen. 
oxygen. 

50 Fluorine, neon. 

20-50' Sodium. 
20-50 
20-S0 

20-50 

50 Magnesium. 
50 
50 
50 

50 Aluminum. 
50 
50 
50 

Silicon, phosphorus, sul- 
50 fur, chlorine, argon. 

50 

1 Uan-jr dt-|H>lid« nil ■■iiiiiliariiMin malrrial in i-ui'lri Irnliii   »t 

-'Otnliiiiiniliiiii Ml'-rarlt-tll cllidii*!» initirah- thai i iiiihi:iirjliiii 

MIMlifirain lur tllfwi* ir.lii-.ili.xi-. t--.|M-riall> lur hight-r it.il». 
s .W-4p triplr-l* and 3rf—4/ainntra iinlv 

|lll'lll I'  .Hill  JL Illft 

mixing I'fli-il*. »Iiii 

ill til ii In -..Irmalii- Iri'llds. 

an- mil jit'liiilrd in Ihr (liiuhilnii apiiiuxinialimi. mat »ninrtimr. brimnr 

The Coulomb approximation results fit also remarkably 
well into the systematic trends. As some instructive ex- 
amples we present figures 12. 14, 16. 19. 20. and 21 at the 
end of this general introduction, which are presented there 
in connection with other purposes. It is seen thai the de- 
viations of the Coulomb approximation results from the 
curve of best fit are hardly greater than 10 percent. Thus, 
to sum up. the Coulomb approximation has in its proper 
range of application consistently given good agreement 
when reliable experimental comparisons have been avail- 
able, and it fits well into the regularities. Therefore its ex- 
tensive use as well as its preference over some less accurate 
experimental methods appear to be very well warranted. 

Based on these comparisons and consistency checks, as 
well as on the general rule that transitions between non- 
penetrating orbits (like M—4/) are more suitable for this 
approximation than those involving strongly core-penetrating 
orbits (like 3s —3/;), we have given the error assignments 
collected in table 2. We feel that these error estimates for 
the Coulomb approximation are quite conservative, but they 
should only be upgraded when further comparisons confirm 
the good agreement found up to now. 

8. LS-coupling. A special word of caution is in order on 
our extended use of /..S-coupling to obtain individual line 
/•values in multi) lets (as well as multiple! /-values in transi- 
tion arrays) from the Coulomb approximation as well as 
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from other theoretical treatments, LS-coupling should 
gradually become a less-reliable approximation as spectra 
become more complex, and, on the other hand, as the stage 
of ionization increases. The increasing presence of inter- 
combination lines in the third row atoms is. for example, a 
clear indication of increased spin-orbit interaction. 

In several instances fairlv precise experimental data on 
individual lines as well as t. oretical values calculated in 
LS and intermediate coupling are available. In cases where 
intermediate coupling is expected to prevail, i.e., where 
the differences between the two coupling schemes arc 
pronounced, the experimental values agree indeed much 
better with intermediate coupling theory [24, 25]. Of 
highest practical importance is the fact that in such cases 
the/-values of the stronger lines in multiplets are not nearly 
as much affected as the weaker lines for which the differ- 
ences between the coupling schemes become then very 
pronounced. 

For this critical compilation we have taken the risk to 
break down very many multiplet strengths into individual 
line/-values —since these are needed in most applications — 
by using the LS-coupling scheme when no other data were 
available. This has been done since the scarce experimental 
cjmparision material indicates that for most of the spectra 
included in this compilation LS-coupling appears to be a 
fair approximation. However, on the basis of the above 
mentioned observation that the stronger lines in multiplets 
are usually much less affected by departures from LS- 
coupling than the weaker components, we have differen- 
tiated between the strong and weak lines in multiplets and 
lowered our accuracy assignments for the weaker lines. 
In as much as this is a rather gross treatment of the data, 
we feel that many accuracy assignments for individual lines 
can enly be regarded as provisional. We feel also that ex- 
tended intermediate coupling calculations for many of the 
spectra presented are urgently needed to settle the question 
of how drastically departures from LS-coupling affect in- 
dividual atomic transition probabilities. 

c. Critical Factors for Forbidden Lines 

As in the first volume, we have listed as foibidden lines 
all magnetic dipole, magnetic quadrupole and electric 
quadrupole transitions, that is, all transitions which do not 
fulfill the rigorous selection rules for electric dipole lines 
(thus, ordinary intercombination lines are tabulated under 
allowed transitions). Practically all material on forbidden 
lines comes from calculations; only very few experimental 
data are available as yet. Our principal sources have been 
the extensive calculations by Naqvi [26] as well as the work 
of Malville and Eerger [27], Garstang [28.29], Froese [30], 
Pasternack [31], and Czyzak and Krueger [32. 33]. These 
calculations are normally based on the general experssions 
for the line strengths of forbidden lines in the ground state 
configuration, which were for the p2. p3 and p* configura- 
tions given algebraically and tabulated by Shortley [34] 
et al., and were later extended by Naqvi [26] to the few 
transitions in the sp, p, and p5 configurations. 

The principal differences between the various calculations 
are the ways in which the most important atomic parameters 
are chosen. Since the latter represent the most critical 
factors affecting the results, we shall discuss the choice of 
these parameters now in detail: 

(a) the "spin-orbit," and "spin-spin und spin-otker-orbit" 
integrals. These integrals, usually designated by £ and TJ, 
have been determined either empirically or by using avail- 
able wave functions. Garstang has compared the empirical 

and theoretical values for some ions —the latter obtained 
from SCF functions with exchange —and has found differ- 
ences of up to 20 percent for £ and up to 30 percent for TJ. 
When a choice is available, we have given preference to the 
empirical values. 

(b) The term intervals. Here one has the choice between 
using exclusively experimental energy values or combining 
some of these with the results of the Slater theory [35] for 
intermultipiei separations, that is, by employing the Slater 
parameters F>. Differences between the two approaches 
arise mainly due to the effects of configuration interaction. 
These are neglected in all calculations and may cause devia- 
tions up to a factor of two. A study of Garstang [36] in 1956 
led to the result that the exclusive use of observational 
material partially includes, at least in simple cases, the 
effects of configuration interaction, when the latter is other- 
wise not taken into account. Thus the work based on experi- 
mental term intervals has been adopted whenever available. 

Naqvi [26] used in his calculations essentially the second 
of the above-mentioned approaches. He compared empiri- 
cally determined Slater parameters F> for the various term 
intervals with theoretically derived values, and selected 
the one experimental parameter which was in best agree- 
ment with theory. Then he employed this particular F> and 
the Slater theory for the determination of all other term 
intervals. In view of the above-mentioned study by Car- 
stang we have used from Naqvi's work normally only the 
transition probabilities based entirely on this parameter, 
i.e., based exclusively on observational material. For ex- 
ample, his data for the 2p3 configuration have not been ap- 
plied when other sources have been available. On the other 
hand, Naqvi's calculations for the simpler sp configuration 
are all based an the empirical value for the one term interval 
there and should, therefore, take the effects of configuration 
interaction partially into account. 

(c) Transformation coefficients. The atoms and ions under 
consideration are most closely represented by the inter- 
mediate coupling scheme, but for the calculations of tran- 
sition probabilities the actual wave functions are more 
conveniently expressed in terms of LS-coupled wave func- 
tions. The transformation coefficients were first derived by 
Shortley et al. [34], and were later refined by several others, 
in particular by Naqvi [26]. Thus. Naqvi's results have been 
adopted whenever the choice of the transformation co- 
efficients became important and when he accounted for the 
effects of configuration interaction in the above-mentioned 
manner. It is especially worth noting that by including the 
effects of spm-spin and spin-other-orbit interactions on the 
transformation coefficients of the 2p4 configuration, some 
results are changed by about 10 percent. 

(d) The integral s„ for electric quadrupole transitions. 
This depends principally on the quality of the employed 
wave functions. We have preferred calculations with SCF 
wave functions over those with hydrogenic functions or 
screening constants and, among SCF calculations, we have 
preferred those with exchange effects included over those 
without exchange. The improvement with SCF wave func- 
tions against :he former is estimated to be of the order of 
20 percent. The uncertainty in s, should generally be in the 
neighborhood of 20 percent. 

Some useful remarks may also be made about compari- 
sons of the calculated forbidden line strengths with recent 
experimental results. At the time when oir first table of 
transition probabilities was completed in l</65, we knew of 
only one reliable comparison due to the fortunate circum- 
stance that some forbidden |Ol| lines have been observed 
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in the aurora, and their temporal variations have been 
measured. In the meantime, some more forbidden lines have 
been observed in the laboratory and some rather precise 
measurements of transition probability ratios have been 
achieved. With this new material, several instructive and 
important comparisons are possible, especially for .[O i] 
and [S l]. Laboratory measurements of several transition 
probability ratios of forbidden liies have been made in 
emission by McConkey et al. [37], LeBlanc et al. [38], 
Liszka and Niewodniczanski [39], and Kvifte and Vegard 
[40] for [01] and by McConkey et al. [41] for [S l]. A com- 
parison of the experimental results with the calculated values 
[32, 42] and our recommended "best" values is given in 
table 3. The agreement is consistent with the error estimates 
given in the theoretical papers. Other recent experiments 
on [Pb] by Hults [43] and on [I] by Husain and Wiesen- 
feld [44] are also consistent with the theoretical error 
estimates. However, since only rather indirect comparisons 
can be undertaken for these, they will not be discussed 
here 

For some magnetic dipole transitions the line streng) äs 
are, near LS-coupling, essentially given by the numbers 
tabulated in table 4. The transition probabilities for these 
lines are then simply obtained from the relations given in 
the conversion table at the end of this general introduction 
if the wavelength of the line is known. The numbers indi-< 
cated by an asterisk in table 4 are exact values, while all 
the other numbers change slightly when deviations from 
LS-coupling become significant. Naqvi has calculated — 
for all the configurations encountered for the atoms and ions 
listed in our table—the spectra at which the changes be- 
come noticeable. He finds that significant changes occur 
only for the 2p2 and 2p* configurations. His results are 
graphically presented in figures 2 and 3. From these curves 
one may conveniently obtain the line strengths for some very 
highly charged ions like Cl XIII. These we have not listed, 
since there are presently no energy levels and therefore 
no wavelengths available, so that the transition probabilities 
cannot be tabulated as yet. 

TABLE 3. Transition probability ratios for some forbidden Hues ofO I and S I 

Experiment: 
Theory: 
Garslanu 

Recommended in 
NSRDS-NBS4 LeBlanc 

et al. 
McConkey 

et al. 
Kvifte and 

Veisard 
Liszka and 

Niewodniczanski 

Ol: 
A(5577)/A|2972) 
A(6363)/A|6300) 
A(2972)/A',958) 

22(±2) 18.6 
0.33 

>200 
0.33 

45 

17.6 
0.32 

210 

20.0 
0.32 

180 

McConkey 
et al. 

Czyzak and 
Krueger. 

Recommended 
(this 
tabulation). 

Si: 
A(7725)/A<4589. 5.1+0.7' 5.09 5.09 

2.5 

2.4 •- 

2.5 

2.2 - 

2.1 - 

1.9 

1   1   1   1   1   1   1 1   1   1   1 

2PJ 

1   1   1   1 
CONFIGURATION 

- — 

- 
t 

\ 
\ - 

- L'NE STRENGTH \ 
\ - 

Sp ..5p 

- 

- 

 1 1   1   1   1   1   1   1 1   1  1   1 1     1     1     1 
- 

2.6 

2.5 

ZA - 

2.3 - 

2.2 - 

2 1 

2.0 

1.9 - 

1.8 

1   1   1   1   1   1   1   1   1 
3p_3p 

1       1       1        1       1 
2p* CONFIGURATION 

V \ 
V 

- - 

t 
LINE STRENGTH 

>p_3p 
1      ^0 

s \ \ 
1   1  1   1 %l 

- - 

1       1       1       1       1        1       1       1        1 
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FIGURE 2. Line strengths for the •1PI-
;,P„ and ■1P,-:,PI FIGURE 3. Line strengths for the •1P,-3P„ and »P^-'P, 

magnetic dipole lines of the 2p- configuration within the magnetic dipole lines of the 2p4 configuration within the 
carbon isoelectronic sequence. oxygen isoelectromc sequence. 
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TABLE 4. Line strength for some magnetic dipole lines near 
LS-coupling 

Configuration Line S,„(ul. u.i 

nsnp* .1U»_:ip» 
«       i 

1          2 

2.00 
2.50 

ni> "1.33 

11)1* »Po-'P, 
SP,-'P, 

2.00 
2.50 

np3 

ipo        2po 
i/2     ' m 

2.40 
1.33 

nil* »P.-»P. 
»P,-»P, 

2.00 
2.50 

n// Spo   _ipo 
1 .1/2            1/2 

**1.33 

a. Dependence off-values on nuclear charge Z. This de- 
pendence may be readily derived from conventional pertur- 
bation theory, with the result that / may be represented by 
a power series in Z*': 

•n = 2..1 .... 
** Straight-number. 

In analogy to the magnetic dipole lines discussed above, 
there exist also among electric quadrupole transitions a 
number of cases where the transition probabilities are 
essentially independent of the interaction parameters and 
depend critically only on the quadrupole integral sq. These 
are the transitions 'So - 'D2.

3P2 - 3P,, and *?t - 3P„ for the />2 

and p* configurations and 2D°,~2P°/2, 
2D°/2-

2P°.,, 
*Ds«""2P?/*' for the p3 configuration. 

On the whole, the good agreement with the observations 
and the assessment of the critical factors indicates that un- 
certainties no greater than 25 to 50 percent for the forbidden 
lines have to be generally expected. For the particular mag- 
netic dipole transitions tabulated in table 4 the uncertainties 
should be much smaller, since their values are almost in- 
dependent of the choice of the interaction parameters, and 
also the effects of configuration interaction and deviations 
from LS-coupling do not enter sensitively into the numbers. 
Thus the line strengths, especially for ions of lower charge, 
are essentially exact values. But the respective transition 
probabilities, on the other hand, often suffer from uncer- 
tainties in the energy level data, especially for the higher 
ions. It is for this reason that we have generally not gone 
beyond "B" in our accuracy ratings for these transitions. 

Within a given spectrum the electric quadrupole lines 
listed above should be the best available ones and they 
have been estimated to be accurate within 25 percent, while 
the rest of the quadrupole transitions should be accurate 
within 50 percent. Electric quadrupole lines have been 
normally rated to be of lower accuracy than magnetic dipole 
lines, since the uncertainties in the quadrupole integral 
must be added to the other uncertainties already present 
for the magnetic dipole lines. 

3. Exploitation of Systematic Trends 

During the course of our compilation work we noticed 
certain regularities in the data which we have then explored 
and analyzed in detail. We have subsequently detected many 
additional systematic trends, which establish now, for the 
first time, a frame-work of reliable/-values tied together by 
this reguliv behavior. The findings and conclusions of these 
regularity studies have been extensively discussed in several 
recent papers lo which we refer for details [4]. Therefore 
we shall give here only a summary by presenting the main 
systematic trends exhibited in the data: 

f=ao + a\Z~' + a-iZ~'iJr (1) 

where the first term «o is a hydrogenic/-value [4|, which 
vanishes for all transitions which do not involve a change in 
the principal quantum number. The earlier mentioned 
nuclear charge-expansion method, applied by Dalgarno and 
co-workers [15, 16, 17] to the determination of /-values, 
makes explicit use of this Z-dependence. 

b. Systematic trends off-values within spectral series. In 
the comparatively few cases where we have numerical ma- 
terial for at least several members of a spectral series, the 
/values decrease rapidly for higher series members, in an 
analogous fashion as for hydrogen. The dependence of/on 
the principal quantum number n, or the effective quantum 
number n*. is always a smooth one, even though for lower n 
the /-value is not always monotonically decreasing. For 
higher n the /-values gradually tend to obey the hydro- 
genic dependence/~(n*)~3. 

c. Homologous atoms. The third principal regularity con- 
cerns homologous atoms, i.e., atoms with the same outer 
electron structure. Here we have found that for certain 
analogous groups of spectral lines the /-values remain ap- 
proximately constant throughout a family of homologous 
atoms. For example, the resonance lines of the alkalies, i.e., 
2s-2p for Li, 3S-3/J for Na, is — 4/> for K etc. are all close 
to unity. This behavior is readily understood on the basis of 
the Wigner-Kirkwood partial/sum rule. If it is assumed that 
most of the strength of a spectral series is concentrated in 
its leading transition or. in the general case, its transition 
array (for example 3s — 3p has the dominant strength in 
a 3s-np series), then it follows that for this dominant 
transition array the mean /value is approximately given 
by the number obtained from the partial/sum rule. Further- 
more, in all homologous atoms the breakdown of the total 
strength of the transition array into multiplets and individual 
lines remains the same as long as the coupling scheme 
remains constant. It follows therefore that for all lines of 
dominant transition arrays in homologous atoms the/values 
should stay approximately constant. 

These three above-stated regularities have been proven 
to be extremely useful for our compilation work, principally 
in the following two respects: 

I. We were able to check many data for their degree of 
fit into apparent regularities and we have used their 
deviations or their fit as an additional guide for our 
accuracy estimates. 

II. We could in a number of cases obtain new/values by 
exploiting either the dependence of/-values on nuclear 
charge or the systematic tr?nds of /-values within 
spectral series. Thus for a number of highly charged 
ions and for higher members of some spectral series 
of K I, where no other data were available, we have 
simply performed graphical interpolations between 
existing data or graphical extrapolations (figs. 9-21). 

d. Examples. In order to further illustrate the usefulness 
of the regularities, we shall give now a few examples. First, 
we shall give some graphical presentations of the Z-depend- 
ence of /values: 

(1) The Mg-sequence transition 3s2'S—3s3/>'}*° (reso- 
nance line). The adopted data, with the exception of the point 
for Mgl. are from purely theoretical sources and fall quite 
smoothly inttt the expected Z-dependence as seen in figure 4. 
It is seen that the data of Crossley and D-'.iganio [17|. oh- 
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FIGURE 4.    (-value versus \IZfor the Mg-sequence transition 
3s2 'S-3s3p 'P°. 

tained by the nuclear charge-expansion method, are appar- 
ently very adequate for the higher ions (we use them for 
("I VI, Ar VII and K VIII) but deviate for the lower ions increas- 
ingly from the values obtained from more advanced theo- 
retical methods [9. 11, 13, 14], as well as from the accurate 
lifeline experiments of Lurio [18], and Smith and Gallagher 
[19] for Mg I. In order to illustrate the size of our error esti- 
mate, we have shaded in figure 4 the area covered by the 
adopted uncertainty of 10 percent. 

(2) As two other examples we present the Be-sequence 
multiplets 'P°- 'S and »P°-»P of the 2s2p-2p2 array (figs. 
5 and 6). For the highly charged ions Na Vlil, MglX. Al X and 
Si XI, which are part of this compilation, we could employ 
the results of charge-expansion calculations by Cohen and 
Dalgarno [15] for the triplet as well as the singlet. These 
calculations include a limited treatment of configuration 
interaction. In the case of the triplet the results tie in very 
well with the best available data for the lower ions as is seen 
in figure 5. The other data are the Harlree-Fock calculations 
by Weiss (see ref. [1]). calculations based on hydrogen-like 
wave functions by Veselov [45], and lifetime experiments by 
Lawrence and Savage [46] and Heroux [47]. We have there- 
fore, guided in part by this good agreement, assigned the 
conservatively estimated uncertainties of 25 percent to the 
results of the charge-expansion calculations for those higher 
ions which are relevant for this compilation. 

For the singlet 2.s2/<'P° —2/r'S we encounter, however, 
the very different situation given in figure 6. Here the charge- 
expansion calculations of (lohen and Dalgarno [15], used 
again for the ions NaVIII through SiXi. do not tie in at all 
with Weiss' calculations (see ref. |1|) for the lower ions and 
the neutral Be atom. Furthermore, the appearance of the Z- 
dependence curve has taken on a different shape. At first 
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FIGURE 6. {-value versus l/Z for the he-sequence transition 
2s2p 'P°-2p2 'S. 

sight it is surprising that a triplet and singlet of the same 
transition array show such a different behavior, but on closer 
inspection the reason for this is somewhat apparent: While 
the upper state of the singlet transition, 2p2 'S, may strongly 
interact with the ground state 2s2 'S, there is, in trie case of 
the triplet, 2//-:,P, no other SP state which could be formed 
by two electrons in the n = 2 shell. Thus while the 'S state 
may be a strong mixture of the 2s2 and 2p2 configurations, as 
well as possibly significant interactions from other config- 
urations, no such strong possibility of configuration inter- 
action exists for the :,P state within the /? = 2 shell. The points 
for the lower stages of ionization in figure 6 are therefore at 
present rather uncertain since both Weiss' and Cohen and 
Dalgarno's calculations include only limited configuration 
mixing. A more elaborate treatment is necessary since, 
in neutral Be and the lower ions, the 2p2 'S level is em- 
bedded in the 2sns 'S series. But higher stages of ioniza- 
tion this level separates from the series, so that Cohen 
and Dalgarno's data should gradually become rather accu- 
rate for high values of Z. But since it is not clear at what 
point this occurs, we have lowered our accuracy estimates 
for these singlet transitions in the ions Na vin through Si XI 
for the time being to "E", i.e.. we do not rule out uncertain- 
ties as large or larger than 50 percent. 

VIH-022 Or»—2 
XI 



TABLE 5. Comparison of multiplet {-values for homologous atoms in the dominant s— p transition 
arrays* 

Transition /•value Uncer- /•value Uncer- 
tainty tainty 

Boron (n: = 2) Aluminum (r = 3) 

(n + l)s-(n+l)p «S_«p° 1.07 25% 1.41 25% 

Carbon (n -2) Silicon (n = ̂ 3) 

np(n + \)s — np(n+ l)p apo-ap 0.50 50% 0.61 50% 
jp«_sp 0.31 50% 0.39 50% 
»P°-»S 0.10 50% 0.13 50% 
'P"-'D 0.42 50% 0.67 50% 
'P'-'S 0.11 50% 0.12 50% 

Nitrogen (« = 2) Phosphorus (n = 3) 

np»(B+l)i-np«(n+l)p «P-«D° 0.36 25% 0.57 50% 
4p_4p° 0.23 25% 0.36 50% 
*v-*s° 0.088 25% 0.13 50% 
ip _ »p° 0.318 25% 0.39 50% 

Oxygen In = 2) Sulfur (n = = 3) 

np>(n+\)s-np'(n+l)p 5S°-»P 0.922 10% /./ 50% 
»S"-»P 0.898 10% 1.1 50% 

Fluorine (n = 2) Chlorine (n = 3) 

np4(n+ l)s — np'(n + Dp 4P _ 4P« 0.29 50% 0.30 50% 
«P-«D° 0.53 50% 0.57 50% 
<p-<s° 0.11 50% 0.12 50% 
ip-JD" 0.53 50% 0.58 50% 
«p_«S° 0.11 50% 0.11 50% 
»p _ spo 0.34 50% 0.36 50% 

Neon (n = = 2) Argor, (n = = 3) 

npi(n+ \)i — npi(n + \)p ls2-2pf 0.123 10% 0.133 25% 
ls2-2p* 0.164 10% 0.172 25% 
ls,-2p3 0.265 25% 0.431 25% 
l't-2p. 0.158 10% 0.160 25% 
U,-2p, 0.228 10% 0.125 25% 
l't-2p, 0.047 10% 0.039 25% 
h3-2pt 0.273 10% 0341 25% 
U,-2p4 0.394 10% 0.560 25% 
lj»-2pr 0.246 10% 0.095 25% 
lj3 - 2pi« 0.073 10% 0.058 25% 
lj4-2ps 0.034 10% 0.016 25% 
lj4-2p, 0.157 25% 0.119 25% 
ls4-2p« 0.018 10% 0.0002 25% 
lj4-2p5 0.114 25% 0.121 25% 
h4 - 2p« 0.050 10% 0J}75 25% 
Ij4-2p7 0.170 10% 0.273 25% 
\S4 — 2p* 0.245 10% 0.413 25% 
\sA — 2piu 0.077 10% 0.084 25% 
1*1 — 2pt 0.040 10% 0.029 25% 
Is»--2p, 0M6 25% 0.030 25% 
ls,,-2p4 0.014 10% 0.003 25% 
Uj —2p« 0.122 10% 0.239 25% 
\s*-2pi 0.027 10% 0.031 25% 
ljj—2p» 0.373 10% 0.510 25% 
ljj— i/.'iip 0.085 10% 0.159 25% 
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TABLE 5. Comparison of multiplet {-values for homologous atoms in the dominant s—p transition 
arrays* — Continued 

Transition /•value       Uncer- 
tainty 

/•value       Uncer- 
tainty 

/•value       Uncer- 
tainty 

Lithium (n = 2) Sodium (n = 3) Potassium </t = 4) 

ns-n/t                          »S-'P" 
i.n+\)s-{n+])p                »S-*P° 

0.753               3% 
1.23               10% 

0.982                3% 
1.35                25% 

1.02            10% 
1.5              50% 

Beryllium <n = 2) Magnesium (n = 3) Calcium   (n = 4) 

ns{n+l)s-ns(n + \)i>               »S-'P" 
■S —'P° 

1.13               25% 
1.15               25% 

1.41                25% 
1.24                25% 

1.35         >50%*** 
1.24        >50%*** 

'The data are either the adopted "best" value* of this compilation or taken from our earlier Vul. 1 [1]. The number« are ael in italics when experimental data 
are involved. 

"I'aKrhrn notation. 

'•'Obtained from the Coulomb approximation. Theae data are considered quite uncertain and are therefore not liated in the tabulation. 

TABLE 6. Comparison of multiplet {-values for homolfous atoms in the dominant p—d transition 
arrays* 

Transition /value     Unc,er" 3               tainty /value    y?c"- 1             tainty 

Boron (n = 2) Aluminum (n = 3) 

(n+l)i> -      (n+\)d 2p_SQ» 0.90             25% 

Carbon (n = 2) 

0.71 25% 

Silicon (n = 3) 

ni>{n+ l)/i - n/M« + l)(/ 'P-'D° 
3Q_.ipo 
ip_ipo 

0.63             25% 
0.70             25% 
0.26             25% 

Nitrogen (n = 2) 

0.48 50% 
0.32 50% 
0.00021       > 50% 

Phosphorus(n = 3) 

ni>*(n+ 1)/) -ni>'{r. + l),l *S«_ip 0.945             10% 

Oxygen (n = 2) 

0.30 50% 

Sulfur (n = 3) 

«;<:'(n+ 1)/* -n/<:,(n+l)(/ jp_.%D» 
:ip_:lD» 

0.90             25% 
0.75             25% 

0.22 50% 
0.059          > 50% 

'The tlalii arc either thi- adopted "beM" value« of this cMiipilulmn i« lakrn from our earlirr Vol. 1 [1]. The number« are «el in italic« when experimental Halt« 

are involved. 

TABLE 7.   Comparison of {-values for some prominent transitions ofS I 

Regularities in 
Transition Multiplet Coulomb Miller [251 Foster [48| Bridges and homologous 

array approximation [3) Wiese [24] atoms 

U -4/. .«$■>_ sp 1.0, 1.5» 1.1 
:iSo_:1p 1.0, —. _ 1.4, 1.1 

4J-.S/< »S"-SP (*l 0.U057, 0.0057» O.OlOj _ 
3§o_ap (*) 0.0041, 0.0043» 0.0067, _« 

4/<-4</ »P-»D° 0.23,, __   0.30, _ 
4/<-.W »P-»D° 0.084. 0.068, — 0.12, 

•Severe cancellation in encountered. 
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It should be noted that for all chosen examples further 
/•values for the still higher ions like P XII, S XIII, Cl XIV etc. 
may be immediatel) read off the figures. However, we have 
not employed this particular material in our present compila- 
tion since no energy levels and wave lengths are available 
as yet, so that the/-values cannot be converted to transition 
probabilities and line strengths. But in other cases where 
energy level data exist, we have exploited the apparent 
Z-dependence of /-values to obtain data for higher ions 
simply by graphical extrapolation. For all these cases we 
present at the end of this general introduction the relevant 
Z-dependence graphs which contain the individual data 
points for the lower ions (figs. 20-21). 

The second regularity mentioned above was the systematic 
variation of /-values within spectral series. Extensive data 
for this type oi regularity are available for several spectral 
series of Na I, Mg II, K I, and Ca II. A smooth variation of 
/-value with effective principal quantum nurrVr n* is ob- 
served in many cases and speaks for the accuracy of the 
data. However, the/-values do not always decrease mono- 
tonically with increasing principal quantum number. Three 
examples, for Kl, two with a monotonic decrease and one 
which shows an anomalous behavior, are given graphically 
in figures 7, 8 and 9 at the end of this general introduction 
(these graphs have been also utilized for obtaining extrapo- 
lated data). The anomalous behavior has been up to now only 
observed among the very first members of a spectral series. 

The third regularity concerns homologous atoms. To illus- 
trate this regularity, we have compared whenever possible 
the multiplet /-values of the leading transition arrays for 
s —1> and /> — </ transitions for second and third row atoms 
as well as for K and Ca. The results, compiled in tables 5 and 
6, are quite interesting. First, one observes that for prac- 
tically all 3—1> transitions the/values increase slightly from 
the second row atoms to the corresponding third row atoms. 
For the two available cases which also contain fourth row 
atoms, namely the combinations, Li, Na, and K as well as 
Be, Mg, and Ca, no further increase in the/-value is noted 
between the third and fourth row atoms. But, as already 
mentioned, these increases are very small, so that within the 
approximate range of the partial /-sum rule prediction the 
/-values may he regarded as behaving according to this 
prediction, i.e.. tley remain essentially constant. 

For most p — d iifcnsitions on the other hand, this con- 
stancy of the/value is not preserved. In most comparisons 
the respective /-values for the third row atoms decrease 
drastically. In at least two examples (Si I 'P — 'P°, and 
Si :,P — :,D°) this is definitely due to significant cancellation 
in the transition integral. It is suspected that such an inter- 
ference effect is playing a significant role throughout all 
third row atoms for these particular transitions. Any cancel- 
lation effects are of course not considered in the partial 
/sum rule application so that this would account for the 
apparent violation. 

The regularities in the /-values of homologous atoms 
have sometimes influenced our choices of absolute scales. 
We discuss as an example the case of S I. In this instance 
we could have chosen the absolute scale for the prominent 
transitions in the visible and near infrared either from the 
Coulomb approximation [3|, or from the shock-tube work by 
Miller [25], or from the arc experiments by Foster [48], and 
Bridges and Wiese [24]. The comparison of the data in table 7 
shows a pronounced spread in the absolute values by about a 
factor of two. For the case of the 4s — 4/> transitions we may 
also obtain an absolute scale by extrapolating from the rather 
accurate data for the homologous 3s — 3/> transitions of 
O I, taking account of the fact that for all 4s — 4/> transitions 
the /-values  increase  slightly  against  the  corresponding 

3s — 3p lines (see table 5). This scale is also listed in the 
comparison table 7. 

After subjecting as usual all methods to an extensive 
analysis we arrived at our final choice mainly by considering 
the following facts: (a) the reliability of the Coulomb approxi- 
mation for the 4s —4p transitions of third row elements is 
quite good, e.g., in the cases of Ar I and Ar II the deviations 
against the most accurate methods are within 25 percent or 
less (table 1); (b) the point at which arc and shock-tube 
results overlap almost coincides with the scale obtained 
from the Coulomb approximation; (c) the absolute scales 
in the arc and shock-tube experiments are much more uncer- 
tain than the relative numbers obtained from these experi- 
ments and do not rule out the scale obtained from the 
Coulomb approximation; (d) the almost constant factor 
between the arc results of Bridges and Wiese and the 
Coulomb-approximation results may be readily explained on 
account of large uncertainties present in the absolute experi- 
mental scale, but would be very difficult to interpret due to 
uncertainties in the theory, since several different transition 
arrays are involved for which the transition integrals are 
independently obtained; (e) last but not least the /-values 
predicted from the regularities from homolc.tjous atoms sup- 
port strongly the scale obtained from the Coulomb approxi- 
mation. 

We have therefore chosen the scale of the Coulomb 
approximation as the best available one and assigned accu- 
racy ratings of 50 percent to the individual (absolute) valnes. 

4. Classification of Uncertainties 

Before leaving the subject of the review of the data sources 
and our method of evaluation, we want to make some re- 
marks about our final error estimates. (But the mechanics 
of the evaluation process has been explained in the introduc- 
tion to Volume I [I] and will therefore not be repeated.) In 
particular, we would like to emphasize that at the present 
stage of our knowledge we find it impossible to assign indi- 
vidual error limits to each critically evaluated number. We 
therefore again stick to our earlier devised classification 
scheme, in which /-values are divided into several levels of 
accuracy which differ by steps of about factors of three. 
We use again the following arbitrary notation: 

AA. 
A... 
B... 
C... 
D... 

for uncertainties within  1% 
...do  3% 
...do , 10% 
...do  25% 
...do  50% 

  50% E for uncertainties larger than. 

The word uncertainty is used with the meaning "extent of 
possible error" or "possible deviation from the true value". 
We have included data of class "E". that is, very uncertain 
values, only in special cases. For example, we have used 
them when, for the most important and most characteristic 
lines of a spectrum, no better data were available, so that 
otherwise these important lines would have to be omitted. 
Also, we have retained class "E"/-values to keep multiplcts 
complete. We have often made a further differentiation in the 
classification scheme by assigning plus or minus signs to 
some transitions, which serves to indicate that these lines 
are estimated to be significantly better or worse than the 
average values of this class. These should be therefore the 
first or last choice among similar lines. 

To sum up, in our error estimates we were principally 
guided by the main four guide-posts stated earlier: first, 
by  the  estimates  of the  individual  authors;   second, by 
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the general agreement of the data with other material; third, 
by the author's consideration of the critical factors entering 
into the method; and fourth, when applicable, by the degree 
of fit of the data into the apparent systematic trends. 

The final selections of the data depend so much on the 
particular material that the major justifications are given in 
the individual introductions for each spectrum. 

D.   GENERAL  ARRANGEMENT  OF  THE 
TABLES 

We have continued to use the same general arrangement 
which we have adopted in Volume I, since we have received 
many positive comments on it. In a few special cases we 
have adapted our arrangement to meet the particular situa- 
tion existing in some spectra. Thus, for example, for Art 
we have presented, in addition to the ^'/-coupling notation, 
the Paschen notation, since it is widely used. 

The wavelength and energy level data have usually been 
obtained from the standard spectroscopic sources, such as 
♦he tabulations of Mrs. Moore-Sitterly [5, 6, 7, 49]. In quite 
a number of cases she has generously furnished us with 
newer material from her vast literature files. Thus, for 
several forbidden lines our listed transition probabilities 
differ from the author's original values, since we use newer 
energy level data. 

For a number of lines we had to calculate wavelengths 
from energy level differences. These are given in square 
brackets to distinguish them from the presumably more 
accurate observed material. 

E. FUTURE PLANS AND 
ACKNOWLEDGMENTS 

We intend to extend this critical compilation in the near 
future to selected heavier elements. The most likely targets 
will be the heavier alkalis and alkaline earths, and the 
elements of the iron group. 
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to mention especially the intermediate coupling calcula- 
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KEY   TO   ABBREVIATIONS   AND   SYM- 
BOLS USED IN THE TABLES 

1. Symbols for indication of accuracy: 
AA uncertainties within \% 

A uncertainties within 3% 
B uncertainties within 10% 
C uncertainties within 25% 
D uncertainties within 50% 
E uncertainties larger than 50%. 

2. Abbreviations appearing in the source column of 
allowed transitions: 

Is = LS-coupling 
ca = Coulomb approximation 
n = normalized to a different scale 
interp. = data interpolated from regularities 
extrap. = data extrapolated from regularities. 
3. Types of forbidden lines: 
e ~ electric quadrupole line 
m — magnetic dipole line 
m.q. = magnetic quadrupole line. 

(The total transition probability is obtained by adding the 
individual transition probabilities due to each type of radia- 
tion, provided there are no significant magnetic fields 
present, i.e., provided one may average over the magnetic 
quantum numbers m,.) 

4. Specif)! symbols used in the wavelength and energy 
level columns: 
Number in parenthesis under multiplet notation refers to 
running number of ref. [5] (Revised Multiplet Table). If 
letters "uv" are added, we refer to running number of 
ref. [6] (Ultraviolet Multiplet Table). If letters "UV" precede 
the number, we refer to ref. [7](Si I, II, III, IV Multiplet Tables 
and Energy Levels). 

Numbers in italics indicate multiplet values, i.e., weighted 
averages of line values. 

Numbers in square brackets indicate approximate 
calculated or extrapolated values. 

USEFUL RELATIONS 

(A) Statistical Weights: 
The statistical weights are related to the inner quantum 

number Ji, (in one-electron spectra;') of a level (initial and 

final states of a line) by 

A'/.=2y,.+i, 

and to the quantum numbers of a term (initial and final 
states of a multiplet) by 

g»,=(2L+l)&S + \). 

(The "multiplet" values g\i may also be obtained by summing 
over all possible "line" values gi„ S is the resultant spin.) 

(B) Relations between the strengths of lines and the total 
multiplet strength: 

1. Line strength S: 

S(i,A)=2)S(./„A) 
JUk 

or S(Multiplet) = ^ S(lirie) 

(A- denotes the upper and i the lower term). 
2. Absorption oscillator strength: 

.C"""et=f v.1,,.,1 (27,+ l)xxu,, Jk)xf(j,, A) 

The mean wavelength for the multiplet A,, may be obtained 
from the weighted energy levels. Usually the wavelength 
differences for the lines within a multiplet are very small, 
so that the wavelength factors may be neglected. 

3. Transition probabilities 

Aft lulllplet—. 1 

(Ä,*)32 (2A+D/7. 
2(2A+l)x\l/,,A)3X//l/*,yf) 

Relative strengths S(Ji. A) »f the components of a multiplet 
are listed for the case of LS-coupling in Allen, C. W., "Astro- 
physical Quantities," 2d ed. (The Athlone Press, London, 
1963); White, H. E. and Eliason, A. Y., Phys. Rev. 44, 753 
(1933); Shore, B. W. and Menzel, D. H. "Principles of 
Atomic Structure," p. 447 (John Wiley & Sons, Inc.. New 
York, 1968); Goldberg, L., Astrophys. J. 82, 1 (1935) and 
84,11 (1936). 
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CONVERSION FACTORS 

The factor in each box converts by multiplication the quantity above it into 
the one at its left. 

AM fa S 

1 6.670* X 10» g, 
A'         to 

Ed 

2.026, X 10'» 
tf*X3 

AM 1.679gxl0,s 

tf*X» 

Mi 
2.697* X 10»3 

tf*X3 

1.4992 xlO-'«*2^ 
(St 

1 

Ed 

303.7S 

#X 

fa 

Ea 
251.8 
«X3 

4.043« x 10-3 

«x 
Ed 

4.935a x 10-'V* A3 

Ed 

3.292, X 10-3#X 

S 
E„ 

5.953 X 10-!9»A» 

Eq 

3.971 X 10-3#X3 
1 

Md 

3.707« X10-'V*X3 247.3«#A 

The line strength is given in atomic units, which are: 
For electric dipole transitions (allowed-denoted by Ed): 

a?e2=7.i873XlO-wmi!C;! 

for electric quadrupole transitions (forbidden-denoted by Eq): 

ate*=2M\«X\0-nm4Ci 

for magnetic dipole transitions (forbidden-denoted by Md): 

eihin6iflmjct=\8.599 X IQ-« J*fPb-*m*. 

The transition probability is in units sec-1, and the /-value is dimensioniess. The wavelength X is 
given in Angstrom units, and gt and gk are the statistical weights of the lower arid upper state, 
respectively. For the atomic constants entering into the relations, we have used the latest recom- 
mendations of the National Academy of Sciences adopted by the National Bureau of Standards 
(NBS Handbook 102 (1967)). 
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FIGURE 7.   Systematic trend of {-values within a spectral series. 
Plotted \*u"f versui n" for the 4a-np »pries of K 1. 
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(Iround Slate 

Ionisation Potential 

SODIUM 

Na I 

Allowed Transitions 

List of tabulated lines: 

ls*2s*2/»«3s *S„s 

5.138 eV = 41449.65 cm-' 

Wavelength [Ä] No. Wavelength [Ä] No. Wavelength [ÄJ No. 

2433.8 16 4545.19 21 9990.3 64 
24:16.6 15 4664.81 31 9996.3 64 
2440.0 14 4668.56 31 10176 73 
2444.2 13 4668.6 31 10183 73 
2449.4 12 4747.94 20 10290 63 

2455.9 11 4751.82 20 10296 63 
2464.4 10 4978.54 30 10566.0 72 
2475.5 9 4982.8 30 10572 72 
2490.70 8 4982.81 30 10572.3 72 
2512.1 7 5148.84 19 10741 62 

2.543.8 6 5153.40 19 10746.4 49 
2593.9 5 5682.63 29 10747 62 
2680.4 4 5688.19 29 10749.3 49 
2852.81 3 5688.21 29 10834.9 42 
2853.01 3 5889.95 1 11190.2 71 

3302.37 2 5895.92 1 11197 71 
3302.98 2 6154.23 18 11197.2 71 
4192.9 38 6160.75 18 11381.5 17 
4195.9 38 6632.1 58 11403.8 17 
4198.0 27 6680.0 57 11490 61 

4201.0 27 6743.1 56 11498 61 
4212.9 37 6827.3 55 12311.5 70 
4215.9 37 6944.0 54 12320.0 70 
4220.2 26 7113.0 53 12679.2 41 
4223.2 26 7373.3 52 12695 86 

4238.99 36 7810.0 51 12771 85 
4242.08 36 8183.26 28 12867 84 
4242.1 36 8194.79 28 12907.9 60 
4249.41 25 8194.82 28 12917.3 60 
4252.52 25 8650.3 50 12984 83 

4273,64 35 87% 47 13132 82 
4276.79 35 8942.96 46 13321 81 
4276.8 35 9153.88 45 13574 80 
4287.84 24 9465.94 44 13920 79 
4291.01 24 9492.3 77 14414 78 

4321.40 34 9497.7 77 14767.5 69 
4324.6 34 9518.5 67 14779.7 69 
4324.62 34 9523.9 67 14780 69 
4341.49 23 9595.2 76 16373.9 59 
4344.74 23 9600.8 76 16388.9 59 

4390.03 33 9633.1 66 18465.3 40 
4393.3 33 9638.7 66 22056.4 48 
4393.34 33 9731.6 75 22083.7 48 
4419.89 22 9737.3 75 23348.4 68 
4423.25 22 9785.9 65 23379 68 

4494.18 32 9791.6 65 23379.1 68 
4497.66 32 9916.0 74 90880 39 
4497.7 32 9921.9 74 91380 39 
4541.63 21 9961.28 43 

^*«M»*'«*M'1 



Numerous determinations of the oscillator strengths for the famous ü-lines of the 3s—3p doub- 
let are available. It is surprising to find that even among the fairly reeent values, differences of up 
to 3Ü percent exist (e.g.. compare the multiple! oscillator strength value of 1.24 obtained from an 
anomalous dispersion method by Kvater [1] with a value of ().% obtained from a lifetime measure- 
ment by Kibble, et. al. [2]). The adopted value for the doublet is the average of the supposedly 
most refined versions of precise experimental and theoretical methods. Specifically it includes 
the results of a self-consistent field calculation including polarization effects by Biermann and 
Lübeck [3]. a central field approximation by Prokofev [4]. a magnetic rotation experiment by 
Stephenson [5]. lifetime determinations with the phase-shift technique by Cunningham and 
Link [6], with the delayed coincidence method of Kibble, et. al. [2], and with the Har.le-effect 
method by Bayli» [8]. An uncertainty of less than 3 percent for the averaged value is indicated 
by the good agreement among the various selected results. 

Values for the 3s —4/>. 3s— 5/;, 3s —6/>. 3/> — 4s and 4s —4/» transitions are taken solely from 
the calculations of ProkoFev [4]. which arc considered more advanced than any of the other 
available approaches. (It should be noted that differences between the various methods arc usually 
only of the order of a few percent.) For the transitions 3s — np. where n runs from 7 to 18. the Mini- 
empirical calculations of Andetson and Zilitis [9]. and the relative anomalous dispersion measure- 
ments of Filippov and Prokofev [10] are available. When multiplied by a factor of 0.0134. the values 
of Filippov and ProkoFev are found to agree with those of Anderson and Zilitis to within 15 percent: 
therefore, an average of the normalized values of Filippov and Prokofev and the results of Anderson 
and Zilitis is taken for the above transitions. The lifetime measurement of the 4</ level by Karstensen 
and Schramm [7] has been applied to the transitions 3/» —4</ and 4/> — id. together with the above- 
quoted calculations by Prokofev [4] and Anderson and Zilitis [')]. Experiment and theory (i.e.. 
the sum of the calculated transition probabilities) agree within 6 percent. The branching ratios 
are based solely on the calculated results. 

For all other transitions, the only available sources are the Coulomb approximation and the 
semi-empirical calculations of Anderson and Zilitis. Agreement between the two methods is good 
in general; however, the semi-empirical me'.hod of Anderson and Zilitis is considered more 
refined and their values are used in all cases. For the 3/> — 6s. ip—id and 3/; — 'id transitions, addi- 
tional results are available from self-consistent field calculations by Chapman, et. al. [11]. These 
agree within a few percent with the adopted values. 
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Na I. Allowed Transitions 

No. Transition 
Array 

Multiple» MÄ) £'i(cm-'l £\-(cm-') ft ft- MIC 
sec ') 

/* .Slat.u.) W KI' Accu- 
racy 

A 

Source 

1 3s—3p 2g _*p 5891.8 0 16968 2 6 0.629 0.982 38.1 0.293 2.3.4 
(1) 5.6.8 

5889.95 0 16973 2 4 0.630 0.655 25.4 0.117 A Is 
5895.92 0 16956 2 2 0.628 0.327 12.7 -0.184 A Is 

2 3s-4p 
(2) 

XW2.6 0 :i027l 2 6 0.0292 0.0142 0.311 -1.55 C + 4 

3302.37 0 30273 2 4 0.0290 0.0094 0.207 -1.73 <: + Is 
3302.98 0 30267 2 2 0.0293 0.00477 0.104 -2.021 <: + Is 



IN a I.    Allowed Transitions — Continued 

l 

So. Transition 
Array 

Multiple! AlAl A.'ili'iii ') fitlcnr1) fi Hk ■W10» 
sec1) 

f* .S'lat.u.) !<>K Kl Aecu 
racy 

Source 

3 3s-5/; 
,s_j,„ 

ll uvl 
2852.8 

2852.81 
2853.01 

0 

0 
0 

35042 

35043 
3,5040 

2 

2 
2 

6 

4 
2 

0.0060 

0.0060 
0.0060 

0.00221 

0.00147 
7.4 xlO-4 

0.0415 

0.0276 
0.0138 

-2.355 

-2.53 
-2.83 

C + 

C + 
c+ 

4 

Is 
Is 

4 3s — 6/> 
12 uv) 

2680.4 0 :mv7 2 6 0.00226 7.3X10 ■* 0.0129 -2.84 c+ 4 

5 :h-7i> 
13 uv) 

25'».') 0 .18541 2 6 0.00120 3.61 x 104 
0.0062 -3.140 c + 9. lOn 

6 3s-8/; 
2ts — *p° 
(4 uvl 

2543.8 0 :mw 2 6 6.6 X 10 4 1.92 x 10-' 0.00322 -3.416 c + 9, lOn 

t 3s -9/, 2s; _ *|>° 

(5 uv) 
2512.1 0 :m% 2 6 4.05 X 10 4 1.15 XlO"4 0.00190 -3.64 c+ 9, lOn 

H 3s- 10/, 
(6 UV) 

2490.70 0 40137 2 6 2.76 x 104 7.7X10-5 0.00126 -3.81 c+ 9, lOn 

9 3s-lip 2S_2|>0 12475.5) 0 40383 2 6 1.94 XlO4 5.3 x 10-» 8.7x10 4 -3.97 c+ 9, 10« 

10 3s-Up *S„*p* |2464.4| 0 40566 2 6 1.44 xlO4 3.92 x 10-' 6.4 XlO4 -4.105 c + 9, 10/t 

11 3s-lip 
2S — 2f'° (2455.9) 0 40705 2 6 M2XHH 3.03 x 10-* 4.90 xlO4 -4.218 c + 9, lOn 

12 3s -14/1 
2S —2|'° (2449.4) 0 40814 2 6 8.6X10' 2.31 x 10-» 3.73 XlO-4 -4.335 c + 9, lOn 

13 3s-15// 
2S —2|,!> 12444.2] 0 40901 2 6 6.8 x 10' 1.84X10» 2.96 xlO4 -4.434 c + 9, lOn 

14 3s-16/, 
2S —2|'° (2440.01 0 40971 2 6 5.6 x 10» 1.50 x 10» 2.41 x 10-4 -4.52 c + 9, 10« 

15 3s-17/, 2S_2|>° (2436.6] 0 41028 2 6 4.64 XJÖ:» 1.24x10 » 1.99X10-4 -4.61 c + 9. 10« 

16 3s-18/, 2s;_2|>o 12433.8) 0 41076 2 6 3.87 x 10-s 1.03X10» 1.65 xlO4 -4.69 c + 9, lOn 

17 3/,-4s 2|,o_;s 

(3) 
// m: 

11403.8 
11381.5 

IW68 

16973 
16956 

25740 

25740 
25740 

6 

4 
2 

2 

2 
2 

0.251 

0.167 
0.084 

0.163 

0.163 
0.163 

36.7 

24.5 
12.2 

-0.010 

-0.186 
-0.487 

c 

c 
c 

4 

Is 
Is 

18 3/> — 5s 2|»o_2S 

t5) 
6158.6 lfM8 33201 6 2 0.072 0.0137 1.67 -1.085 c 9 

6160.75 
6154.23 

16973 
16956 

33201 
33201 

4 
2 

2 
2 

0.0482 
0.0241 

0.0137 
0.0137 

1.11 
0.56 

-1.261 
-1.56 

c 
c 

Is 
Is 

19 3/,—6s 2j,o_2S 

(8) 
5 151.') 

5153.40 
5148.84 

ums 

16973 
16956 

36373 

36373 
36373 

6 

4 
2 

2 

2 
2 

0.0330 

0.0220 
0.0110 

0.00437 

0.00437 
0.00437 

0.445 

0.297 
0.148 

-1.58 

-1.76 
-2.058 

c 
c 
c 

9 

Is 
Is 

20 3/,-7s 
2|,0_2S 
<ll)' 

4750.lt 

4751.82 
4747.94 

I6<)68 

16973 
16956 

38012 

38012 
38012 

6 

4 
2 

2 

2 
2 

0.0178 

0.0119 
0.0059 

0.00201 

0.00201 
0.00201 

0.189 

0.126 
0.063 

-1.92 

-2.095 
-2.3% 

c 
<: 
c 

9 

Is 
Is 

21 3/i -8s 
2|,0_2S 

(141 
t544.2 

4545.19 
4541.63 

I6<>68 

16973 
16956 

38969 

38969 
38969 

6 

4 
2 

2 

2 
2 

0.0108 

0.0072 
0.00359 

0.00111 

0.00111 
0.00111 

0.100 

0.066 
0.0332 

-2.177 

-2.353 
-2.65 

c 

c 
c 

9 

Is 
Is 

22 3/,-9s 2|»0_1S 

(16) 
4422.2 

4423.25 
4419.89 

/6<M8 

16973 
16956 

39575 

39575 
39575 

6 

4 
2 

2 

2 
2 

0.0070 

0.00466 
0.00233 

6.8x10 4 

6.8 XlO4 

6.8X30 4 

0.060 

0.0398 
0.0199 

-2.387 

-2.56 
-2.86 

c 

c 
c 

9 

Is 
Is 



Na I.    Allowed Transitions—Continued 

No. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Transition 
Array 

3p-10i 

3p-ll« 

3p-12* 

3p—13* 

3p-14s 

3p-3d 

3p-4</ 

3p-5d 

3p-6d 

3p-7d 

3p-8d 

3p-9d 

Multiple! 

«P°-,S 

«P°-»S 

«P°_«S 

«P"_»S 

lP°- *S 

»p»_«D 
(4) 

»po_JD 

(6) 

2po_ tD 

(9) 

«p_*D 
(12) 

»P°_'D 
(15) 

2p«_»D 
(17) 

»P°~«D 

\(A) 

4343.8 

4344.74 
4341.49 

4289.5 

4291.01 
4287.84 

4251.4 

4252.52 
4249.41 

4222.3 

[4223.2] 
[4220.2] 

4200.1 

[4201.0] 
[4198.0] 

8191.1 

8194.82 
8183.26 
8194.79 

5686.4 

5688.21 
5682.63 
5688.19 

4981.4 

4982.81 
4978.54 

[4982.8] 

4667.5 

4668.56 
4664.81 

[4668.6] 

4496.6 

4497.66 
4494.18 

[4497.7] 

4.192.3 

4393.34 
4390.03 
[4393.31 

4323.5 

4324.62 
4321.40 
[4324.6] 

£'i(cm- 

16968 

16973 
16956 

16968 

16973 
16956 

16968 

16973 
16956 

76968 

16973 
16956 

16968 

16973 
16956 

16968 

16973 
16956 
16973 

16968 

16973 
16956 
16973 

16968 

16973 
16956 
16973 

16968 

16973 
16956 
16973 

16968 

16973 
16956 
16973 

16968 

16973 
16956 
16973 

16968 

16973 
16956 
16973 

E*(cirr') 

39983 

39983 
39983 

40271 

40271 
40271 

40182 

40482 
40482 

40644 

40644 
40644 

40769 

40769 
40769 

29173 

29173 
29173 
29173 

34549 

34549 
34549 
34549 

37037 

37037 
37037 
37037 

38387 

38387 
38387 
38387 

39201 

39201 
39201 
39201 

39729 

39729 
39729 
39729 

40090 

40090 
40090 
40090 

ft fk 4*1(10" 
sec-') 

0.00480 

0.00320 
0.00160 

0.00357 

0.00238 
0.00119 

0.00260 

0.00173 
8.7 x 10-» 

0.00212 

0.00141 
7.1 x 10-« 

0.00177 

0.00118 
5.9 X 10-4 

0.495 

0.495 
0.413 
0.082 

0.131 

0.131 
0.109 
0.0219 

0.050 

0.050 
0.0418 
0.0084 

0.0257 

0.0257 
0.0214 
0.00428 

0.0151 

0.0151 
0.0126 
0.00251 

0.0097 

0.0097 
0.0081 
O.OOlol 

0.0066 

0.0066 
0.0055 
0.00109 

/* 

4.53x10' 

4.53 x 10- 
4.53 x 10 

3.28X10- 

3.28x10- 
3.28X10 

2.35 x 10- 

2.35x10 
2.35 X 10- 

1.89X10 

1.89x10 
1.89x10- 

1.56X10 

1.56x10- 
1.56x10- 

0.83 

0.75 
0.83 
0.083 

0.106 

0.095 
0.106 
0.0106 

0.0311 

0.0280 
0.0311 
0.00311 

0.0140 

0.0140 
0.00140 

0.0076 

0.0069 
0.0076 
7.6 XlO4 

0.00466 

0.00419 
0.00466 
4.66 XlO4 

0.00307 

0.00276 
0.00307 
3.07X10 4 

S(at.u. 

0.0389 

0.0259 
0.0129 

0.0278 

0.0185 
0.0093 

0.0197 

0.0132 
0.0066 

0.0158 

0.0105 
0.0053 

0.0129 

0.0086 
0.00431 

135 

81 
44.7 

9.0 

11.9 

7.1 
3.97 
0.79 

3.06 

1.84 
1.02 
0.204 

1.29 

0.77 
(K430 
0.086 

0.68 

0.406 
0.225 
0.0451 

0.404 

Ü.242 
0.135 
0.0270 

0.262 

0.157 
0.087 
0.0175 

1«« K) Accu- 
racy 

C 

Source 

-2.57 9 

-2.74 
-3.043 

c 
c 

h 
Is 

-2.71 c 9 

-2.88 
-3.183 

c 
c 

/5 
Is 

-2.85 c 9 

-3.027 
-3.328 

c 
c 

Is 
Is 

-2.95 c 9 

-3.122 
-3.423 

c 
c 

Is 
Is 

-3.029 c 9 

-3.205 
-3.51 

c 
c 

Is 
Is 

0.70 c 4 

0.477 
0.220 

-0.479 

c 
c 
c 

/5 
Is 
Is 

-0.197 c + 4,7 

-0.420 
-0.67 
-1.373 

c+ 
c+ 
c+ 

Is 
Is 
Is 

-0.73 c 9 

-0.95 
-1.206 
-1.91 

c; 
c: 
c 

Is 
Is 
Is 

-1.076 c 9 

-1.298 
-1.55 
-2.252 

c 
c 
c 

Is 
Is 
Is 

-1.341 <: 9 

-1.56 
-1.82 
-2.52 

c 
<: 
c 

Is 
Is 
Is 

-1.55 c 9 

-1.78 
-2.031 
-2.73 

c 
c 
<: 

Is 
Is 
Is 

-1.73 c 9 

-1.96 
-2.212 
-2.91 

<: 
<: 
c 

Is 
Is 
Is 



Na I.   Allowed Transitions—Continued 

No. Transition 
Array 

Mulliplet X(Ä) filcm-') ffrlem-'i Ki Mt 
sec"1) 

|    ft* Slal.u.) log«/" Accu- 
racy 

Source 

35 Sp-I0d «P°-*D 4275.8 16968 40349 6 10 0.00468 0.00214 0.181 -1.89 C 9 

4276.79 
4273.64 

[4276.81 

16973 
16956 
16973 

403*9 
40349 
40349 

4 
2 
4 

6 
4 
4 

0.00469 
0.00391 
7.8 x 10-« 

0.00193 
0.00214 
2.14X10« 

0.109 
0.060 
0.0121 

-2.112 
-2.369 
-3.068 

C 
C 
C 

Is 
Is 
Is 

36 3p-Ud «p«_»D 4241.1 16968 40540 6 10 0.00347 0.00156 0.131 -2.029 C o, 

4242.08 
4238.99 

[4242.1] 

16973 
16956 
16973 

40540 
40540 
40540 

4 
2 
4 

6 
4 
4 

0.00346 
0.00290 
5.8 X 10-« 

0.00140 
0.00156 
1.56X10« 

0.078 
0.0435 
0.0087 

-2.252 
-2.51 
-3.205 

C 
C 
C 

is 
is 
Is 

37 3p- Yld »P°-»D 4215.0 16968 40685 6 10 0.00264 0.00117 0.097 -2.154 C 9 

4215.9] 
4212.9] 
4215.9] 

16973 
16956 
16973 

40685 
40685 
40685 

4 
2 
4 

6 
4 
4 

0.00263 
0.00220 
4.39 X 10-« 

0.00105 
0.00117 
1.17X10« 

0.058 
0.0325 
0.0065 

-2.377 
-2.63 
-3.330 

C 
C 
C 

Is 
Is 
Is 

33 3p-\3d »P0- »D 4195.0 /6968 40798 6 10 0.00204 9.0X10« 0.074 -2.269 C 9 

14195.9) 
14192.9) 
[4195.9] 

16973 
16956 
16973 

40798 
40798 
40798 

4 
2 
4 

6 
4 
4 

0.00204 
0.00170 
3.40 X 10-« 

8.1X10« 
9.0X10« 
9.0X10-» 

0.0446 
0.0248 
0.004% 

-2.491 
-2.75 
-3.445 

C 
C 
C 

Is 
Is 
Is 

39 3d-4p *D-*P' 91050 29173 30271 10 6 0.00157 0.117 351 0.068 c 9 

[90880] 
[91380] 
[90880] 

29173 
29173 
29173 

30273 
30267 
30273 

6 
4 
4 

4 
2 
4 

0.00142 
0.00156 
1.57 X 10-« 

0.117 
0.098 
0.0195 

211 
118 

23.3 

-0.154 
-0.407 
-1.108 

c 
c 
c 

Is 
Is 
Is 

40 3^-4/ «D-»P 18465.3 29173 34587 10 !4 0.140 1.00 610 0.99 c 9 

41 3d-5/ *D-«F° 
(21) 

12679.2 29173 37058 10 14 0.0471 0.159 66 0.201 c 9 

42 34-6/ »CMP 
(22) 

10834.9 29173 38400 10 14 0.0224 0.055 19.7 -0.257 c 9 

43 3d-If »D-»P 
(23) 

9961.28 29173 39209 10 14 0.0127 0.0264 8.7 -0.58 c 9 

44 3d-8f »D-»P 
(24) 

9465.94 29173 39734 10 14 0.0079 0.0149 4.64 -0.83 c 9 

45 3d-9f «D-«F° 
(25) 

9153.88 29173 40094 10 14 0.0053 0.0093 2.79 -1.033 c 9 

46 3d- 10/ «D-*F° 
(26) 

8942.96 29173 40352 10 14 0.00371 0.0062 1.83 -1.206 c 9 

47 3d-11/ «D-'P 
(27) 

8796 29173 40539 10 14 0.00245 0.00414 1.22 -1.383 c 9 

48 is—4p *S-2P° 22070 25740 30271 2 6 0.062 1.35 197 0.431 c 4 

22056.4 
22083.7 

25740 
25740 

30273 
30267 

2 
2 

4 
2 

0.062 
0.062 

0.90 
0.450 

131 
66 

0.255 
-0.046 

c 
c 

Is 
Is 

49 4s-5p IS_jpo 

(18) 
10747 

10746.4 
10749.3 

25740 

25740 
25740 

35042 

35043 
35040 

2 

2 
2 

6 

4 
2 

0.0074 

0.0074 
0.0074 

0.0385 

0.0257 
0.0128 

2.72 

1.82 
0.91 

-1.114 

-1.289 
-1.59 

c 
c 
c 

9 

Is 
Is 

50 4s—bp IS_«po 
(19) 

8650.3 25740 37297 2 6 0.00231 0.0078 0.444 -1.81 c 9 

51 4s — Ip 2S-lP° 
(20) 

7810.0 25740 38541 2 6 0.00104 0.00284 0.146 -2.246 c 9 

.*«(*«**"■     



Na I.    Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! AlA) Ei(cm '» 

25740 

£*(rm-') lit A- •Julio" 
sec-1) 

fik Stat.u.) l"8«f Ac-cu- 
racy 

Source 

52 4s-8p 

t 

»S — *P° 7.m.:i 3<>2W 2 6 5.6 X 10* 0.00136 0.066 -2.57 9 

53 4s-9p «s-«p° J7113.0] 25740 39795 It 6 3.36 X 104 7.6X10 4 0.0358 -2.82 9 

54 4s-!0p lS_tpo [6944.01 25740 40137 2 6 2.23 xlO4 4.84 X 10-4 0.0221 - 3.014 9 

55 4s-lip »S-'P° [6827.3] 2574C 40383 2 6 1.53 x 10-» 3.20 xlO4 0.0144 -3.194 9 

56 4.«-12p js_»pu (6743.1] 25740 40566 2 6 1.11 x lO4 2.27 x 10-4 0.0101 -3.343 9 

57 4s-13p »S-'P° [6680.0] 25740 40705 2 6 8.5 x 10 " i.7ixlu-4 0.0075 -3.466 9 

58 4s-14p «S-'P0 [6632.1] 25740 40814 2 6 6.3 X 10-"' 1.25X10 4 0.0055 -3.60 9 

59 4p—6s 
2P"_2S 16384 m-271 36373 6 2 0.0173 0.0232 7.5 -0.86 (; 

16388.9 
16373.9 

30273 
30267 

36373 
36373 

4 
2 

2 
2 

0.0115 
0 0058 

0.0232 
0.0232 

5.0 
2.50 

-1.033 
-1.334 

Is 
Is 

60 4p-7s >p°_ss; 12015 30271 38012 6 2 0.0088 0.0073 1.86 -1.359 9 

12917.3 
12907.9 

30273 
30267 

38012 
38012 

4 
2 

2 
2 

0.0053 
0.00292 

0.0073 
0.0073 

1.24 
0.62 

-1.53 
-1.84 

Is 
Is 

61 4p-8s 
2 p° _ ss um 30271 38968 6 2 0.0051 0.00340 0.77 -1.69 9 

[114981 
[11490] 

30273 
30267 

38968 
38968 

4 
2 

2 
2 

0.00343 
0.00172 

0.0034*0 
0.00340 

0.51 
0.257 

-1.87 
-2.168 

Is 
IS 

62 4p-W jpo_tS 10745 30271 39575 6 2 0.0032') 0.00190 0.403 -1.94 9 

[10747] 
[10741] 

30273 
30267 

39575 
39575 

4 
2 

2 
2 

0.00219 
0.00110 

0.00190 
0.00190 

0.269 
0.134 

-2.119 
-2.420 

Is 
Is 

63 4p- 10s 2po_2g 10294 30271 39983 6 2 0.00225 0.00119 0.242 -2.146 9 

110296] 
[10290] 

30273 
30267 

39983 
39983 

4 
2 

2 
2 

0.00150 
7.5 x 10-4 

0.00119 
0.00119 

0.161 
0.081 

-2.322 
-2.62 

Is 
Is 

64 4p-lls 
2p°_2S 9994.3 30271 40271 6 2 0.00167 8.3 x 10-4 0.164 -2.301 9 

[9996.31 
[9990.3] 

30273 
30267 

40271 
40271 

4 
2 

2 
2 

0.00111 
5.6 xlO4 

8.3 x 10 4 

8.3 x 10 4 
0.110 
0.055 

-2.477 
-2.78 

Is 
is 

65 4p- 12s 2p°_S§ 9789.7 30271 40482 6 2 0.00120 5.8 xlO4 0.112 -2.461 9 

[9791.6] 
[9785.9| 

30273 
30267 

40482 
40482 

4 
2 

2 
2 

8.0 xlO4 

4.02 x 10-4 
5.8 xlO4 

5.8X10 4 
0.074 
0.0372 

- 2.64 
-2.94 

Is 
h 

66 4p- 13s *p°_*s 9646.8 30271 40644 6 2 0.00100 4.63x 10 4 0.088 - 2.56 9 

[9638.7] 
[9633.11 

30273 
30267 

40644 
40644 

4 
2 

2 
2 

6.6 x 10-4 

3.33 x 10"4 
4.63 xlO4 

4.63 x 10-4 
0.059 
0.0294 

-2.73 
-3.033 

Is 
Is 

67 4p-14s 
2p°_2S 9522.1 30271 40769 6 2 8.5X10 4 3,87 x 10 4 0.073 -2.63 9 

[9523.9] 
[9518.5] 

30273 
30267 

40769 
40769 

4 
2 

2 
2 

5.7 xlO4 

2.85X10 4 
3.87 x 10 4 

3.87 x lo-4 
0.0485 
0.0243 

-2.81 
-3.111 

Is 
Is 

68 4p-4rf sp_2D 23370 30271 34549 6 10 0.067 0.91 420 0.74 C + 7.9 

23379.1 
23348.4 

|23379| 

30273 
30267 
30273 

34549 
34549 
34549 

4 
2 
4 

6 
4 
4 

0.067 
0.056 
0.0111 

0.82 
0.91 
0.091 

252 
140 
28.0 

0.52 
0.260 

-0.439 

C-f 
c + 
c + 

Is 
Is 
Is 



Nal. Allowed Transitions — ( 'ontinued 

No. Transition 
Array 

Multiple! X(A) EAcm-') Eticm-') #t g* /U10" 
sec ') 

fa S(at.u.) Wgf 
1  
Accu- 
racy 

C + 

... .... . 

Source 

69 4/>-5rf *P°_20 14776 30271 37037 6 10 0.0260 0.142 41.4 -0.070, 9 

14779.7 
14767.5 

[147801 

30273 
30267 
30273 

37037 
37037 
37037 

4 
2 
4 

6 
4 
4 

0.0261 
0.0217 
0.00434 

0.128 
0.142 
0.0142 

24.9 
13.8 
2.76 

-0.291 
-0.55 
-1.246 

C + 
C + 
C + 

Is 
Is 
Is 

70 4p-6rf jp»_jr) 12318 
12320.0 
12311.5 

|12320| 

30271 
30273 
30267 
30273 

38387 
38387 
38387 
38387 

6 
4 
2 
4 

10 
6 
4 
4 

0.0130 
C.0130 
0.0108 
0.00217 

0.0493 
0.0444 
0.0493 
0.00493 

12.0 
7.2 
4.00 
0.80 

-0.53 
-0.75 
-1.006 
-1.71 

c+ 
c+ 
c+ 
C4- 

9 
Is 
Is 
Is 

71 4/>-7</ ll*°-lD 11195 30271 39201 6 10 0.0075 0.0235 5.2 -0.85 c+ 9 

11197.2 
11190.2 

|11197| 

30273 
30267 
30273 

39201 
39201 
39201 

4 
2 
4 

6 
4 
4 

0.0075 
0.0063 
0.00125 

0.0212 
0.0235 
0.00235 

3.13 
1.73 
0.347 

-1.072 
-1.328 
-2.027 

c + 
c+ 
c + 

Is 
Is 
Is 

72 4/>-;W 2po_2f) 10570 30271 39729 6 10 0.00476 0.0133 2.78 -1.098 c+ 9 

10572.3 
10566.0 

|10572| 

30273 
30267 
30273 

39729 
39729 
39729 

4 
2 
4 

6 
4 
4 

0.00477 
0.00397 
7.9 X 10-' 

0.0120 
0.0133 
0.00133 

1.67 
0.93 
o.ias 

-1.319 
-1.58 
-2.274 

c + 
c + 
c + 

Is 
Is 
Is 

73 4/>-9,/ 2|»°_*D 10181 30271 40090 6 10 0.00323 0.0084 1.68 -1.299 c 9 

[10183] 
[10176] 
[10183] 

30273 
30267 
30273 

40090 
40090 
40090 

4 
2 
4 

6 
4 
4 

0.00323 
0.00270 
5.4 x 10-« 

0.0075 
0.0084 
8.4X10 4 

1.01 
0.56 
0.112 

-1.52 
-1.77 
-2.475 

c 
c 
c 

Is 
Is 
Is 

74 4/j-HW 2|,o_2[J 99/9,9 30271 40349 6 10 0.00230 0.0057 1.11 -1.470 c 9 

[9921.9] 
[9916.0] 
19921.9] 

30273 
30267 
30273 

40349 
40349 
40349 

4 
2 
4 

6 
4 
4 

0.00230 
0.00192 
3.83 x 104 

0.0051 
0.0057 
5.7 xlO4 

0.67 
0.369 
0.074 

-1.69 
-1.95 
-2.65 

c 
c 
c 

Is 
Is 

-1" 

75 4/;-lW 2|>°_2[) 9735.4 30271 40540 6 10 0.00169 0.00400 0.77 -1.62 c 9 

[9737.3] 
(9731.6) 
[9737.3] 

30273 
30267 
30273 

40540 
40540 
40540 

4 
2 
4 

6 
4 
4 

0.00169 
0.00141 
2.81'x 104 

0.00360 
0.00400 
4.00 xlO"4 

0.462 
0.256 
0.051 

-1.84 
-2.097 
-2.80 

c 
c 
c 

Is 
Is 
Is 

76 4/,-12rf 
2P°_2[) 9.598.9 30271 40685 6 10 0.00129 0.00296 0.56 -1.75 c 9 

19600.8] 
19595.2] 
19600.8] 

30273 
30267 
30273 

40685 
40685 
40685 

4 
2 
4 

6 
4 
4 

0.00128 
0.00107 
2.14 x 104 

0.00266 
0.00296 
2.96x10 4 

0.336 
0.187 
0.0374 

-1.97 
-2.228 
-2.93 

c 
c 
c 

Is 
Is 
Is 

77 4/;-l.W 2po_2D 9495,9 30271 40798 6 10 9.9X10 4 0.00224 0.420 -1.87 c 9 

19497.7) 
19492.3] 
[9497.7] 

30273 
30267 
30273 

40798 
40798 
40798 

4 
2 
4 

6 
4 
4 

0.00100 
8.3 x!0'4 

1.66 xiO4 

0.00202 
0.00224 
2.24X10 4 

0.253 
0.140 
0.0280 

-2.093 
-2.349 
-3.048 

c 
c 
c 

Is 
Is 
Is 

78 5s-10/, 2g_2po 114414] 33201 40137 2 6 1.64X10 J 0.00153 0.145 -2.51 c 9 

79 5s-11/, *S _ 2po |13920| 33201 40383 2 6 1.10X10-' 9.6 xlO4 0.088 -2.72 c 9 

80 5s-12/. 2g _ 2po 113574] 33201 40566 2 6 .7.9X10 -' 6.6X10 4 0.059 -2.88 c 9 

81 5s-13p 2g _ 2p» [13321] 33201 40705 2 6 6.0X10-' 4.76 xlO4 0.0417 -3.021 c 9 

82 5s-14p 2g._Sp» [131321 33201 40814 2 6 4.45 <10 "• 3.45 xlO4 0.0298 -3.161 c 9 

83 5s-15/> 2g_2po [12984) 33201 40901 2 6 3.48x10 -"• 2.64X10-' 0.0226 -3.277 <: 9 

84 5s— 16/; 2S— 2I,° [12867] 33201 40971 2 6 2.78 x 10 '■ 2.07 xlO4 0.0175 -3.383 c 9 

85 5s-17/, 2g_2p° 112771] 33201 41028 2 6 2.33X10 - 1.71 x 10 4 0.0144 -3.466 c 9 

86 5s-18/, iS — 2P° [12695] 33201 41076 2 6 1.93X10 -' 1.40X10 4 0.0117 -3.55 c 9 

ä/VW-■iö■1*^-,l****,*" 



Nail 

Ground State ls22i22p6 'S» 

Ionization Potential 47.29 eV = 381528 cm" 

Allowed Transitions 

Calculations by Kastner, Orr.idvar, and Underwood [1], employing Hartree-Fock wavefunctions 
and including intermediale coupling, are available. Since the calculations are based on a single- 
configuration approximation only, uncertainties of up to 50 percent are expected for the strong 
lines and even higher uncertainties for the weak lines, the latter being more affected by assump- 
tions about the coupling. 

Reference 

[1] Kästner, S. O., Omidvar, K., and Underwood, J. H.. Astrophys. J. 148,269-273 (1967). 

Na II, Allowed Transitions 

No. Transition 
Array 

Multiplet MA) £Kcm-') £*ra-') a ft Aki(W 
see-1) 

M S(at.u.) logg/" Accu- 
racy 

Source 

1 2p6_2p>(*p;/ä)34 l§_.1po 

(1 uv) 376.375 0 265693 l 3 1.5 0.0093 0.012 -2.03 E 1 

2 2p«-2ps(*P?,*)35 !g_ lp« 
(2uv) 

372.069 0 268767 l 3 31 0.19 0.23 -0.72 D 1 

3 2p*-2pH*P°m)3d lS_:ipo 

[302.44] 0 330641 l 3 1.4 0.0057 0.0057 -2.21 E 1 

4 2p"-2p5(sP5rt)3d >S-'P° 
(3uv) 

301.432 0 331749 l 3 9.5 0.039 0.039 -1.41 D 1 

5 2p«-2p5(*P?tt)3d 'S-'D' 
(4 uv) 300.151 0 333167 l 3 30 0.12 0.12 -0.92 D 1 



Ground State 
Na HI 

lj,2i*2p52R?:i :i/2 

Ionization Potential 71.65 eV = 573033 cm-' 

Allowed Transitions 

List of tabulated lines: 

| 

Wavelength [Ä] No. Wavelength [A] No. Wavelength [A] No. 

378.14 1 1970.6 14 2180.8 12 
380.11 1 1976.4 13 2182.8 3 
1752.7 9 19R5.5 4 2194.8 12 
1761.7 9 1995.6 14 2202.8 3 
1763.8 9 2004 8 15 2214.2 3 

1773.0 9 2005.2 4 2222.8 12 
1782.9 9 2005.2 14 2225.3 7 
1791.2 9 2011.9 13 2225.9 3 
1801.3 9 2022.3 10 2230.3 3 
1838.1 8 2028.6 10 2232.2 7 

1844.3 8 2031.1 14 2239.5 3 
1845.1 8 2036.9 15 2246.7 3 
1849.6 8 2037.8 10 2251.5 3 
1850.3 8 2045.5 10 2278.5 7 
1855.9 8 2048.7 10 22a5.7 7 

1856.7 8 2051.9 10 2310.Ö 6 
1861.2 8 2055.2 10 2367.3 6 
1899.7 11 2058.8 10 2406.6 5 
1918.5 11 2063.0 10 2459.4 5 
1920.1 11 2065.3 10 2468.9 5 

1926.3 11 2067.4 17 2474.7 2 
1935.6 11 2073.3 17 2497.0 2 
1939.3 11 2101.5 17 2510.3 2 
1941.8 11 2107.7 17 2530.2 2 
1942.2 13 2144.8 16 2542.9 2 

1950.8 11 2151.2 16 2553.6 2 
1951.2 4 2174.5 16 2563.3 2 
1965.1 11 

For the 2sa2/ri-P0 — 2s2/>H-S multiplet, Cohen and Dalgarno [1] using the nuclear charge- 
expansion method and Bagus [2] using the self-consistent field aporoximation arrive at identical 
results. The quoted value may be nevertheless quite uncertain since configuration interatiion 
effects with configurations involving electrons of the n = 3 shell may be significant, but were not 
included in the calculations. Inasmuch as no other material is available, the Coulomb approxi- 
mation has been used for a number of 3s — 3p and 3/> — 3</ transitions, where for atomic systems for 
similar complexity it has given fairly reliable values. 

References 

|1) Cohen. M.. and Dal*arno, A.. Proc. Roy. Soc. London A280, 258-270 d%4). 
(2j Batsus. P. S.. U.S. Atomic Enemy Commission ANL-69M (1964). 
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Na III-    Allowed Transitions 

N, Transition 
Array 

T  

Multiple) A(Ä) f,',«m M fjfiir'l 

"i  

A'. Kk AkAW 
sec ') 

[7 Nlal.u.l 

I.I -0.05 

Arm 
rar\ 

l>- 

Sourci 

1 2sa2ps - 2s2/>" i|>»._-.'S 378.80 ■i.'i.l 264449 6 2 210 0.15 1.2 

[378.14 o 264449 4 2 130 0.14 0.72 -0.25 !)- Is 
[38Ü.U 1354 264449 2 2 66 0.14 0.36 -0.55 I>- Is 

2 2p'3s -2/>4(:'Pl3/ l|>_<|>0 2.1/.5.6 :m v)t 4mm 12 12 2.4 0.23 23 0.44 1)    |      ,., 

[2497.0 366165 406201 6 6 1.7 0.16 8.0 -0.02 1) Is 
[2530.2 367052 406562 4 4 0.31 0.030 1.0 -11.92 E Is 
[2542.9 367562 406876 2 2 0.39 0.038 0.64 -1.12 K           Is 
[2474.7 366165 406562 6 4 I.I 0.070 3.4 -0.38 I) - i        Is 
2510.3 367052 406876 I 2 2.0 0.097 3.2 -0.41 D-!           Is 

[2553.6 367052 406201 4 6 0.69 0.10 3.4 -0.40 0 — 1      /, 
[2563.3 367562 406562 2 1 0.% 0.19 3.2 -0.42 >-         Is 

3 'I'-'D" 22Ä5 .VMM 411473 12 2d 3.6 0.44 3, 0.72 1)      ,„ 

[2230.3 366165 410988 6 8 3.7 0.36 16 0.33 1)      /., 
[2246.7 367052 411548 4 6 2.4 0.28 8.2 0.05 i) !    is 
(.2251.5 367562 411964 2 4 1.5 0.22 3.3 -0.36 D-;     /, 
[2202.8 366165 411548 6 6 1.1 0.080 3.5 -0.32 - i>-;   is 
[2225.9 367052 411964 1 4 1.9 0.14 4.2 -0.25 D-!          Is 
[2239.5 367562 412202 2 2 3.0 0.22 3.3 -0.36 l>-;          /, 
2182.8 366165 411964 6 4 0.19 0.0090 0.39 -1.27 E    i       Is 
2214.2 367052 412202 4 2 0.61 0.022 0.65 - 1.06 V.               Is 

4 M'-'S" l')7l .5 (6669/ 417416 12 4 5.2 0.10 7.9 0.08 1)             r» 

1951.2 366165 417416 6 4 2.7 0.10 3.9 -0.22 l>   !       Is 
1985.5 367052 417416 4 4 1.7 0.10 2.6 -0.40 1)               Is 
2005.2 367562 417416 2 4 0.82 0.10 1.3 -0.70 1)             Is 

5 -I'-'I)0 
2*58.9 :m(>H2 U4M8 6 10 2.9 0.43 21 0.41 1)              n, 

[2459.41 373633 414281 4 6 3.0 0.40 13 0.20 i» !    /, 
12468.9] 374681 415m 2 ! 2.4 0.43 7.0 -0.07 ;>       is 
[2406.6] 373633 415173 4 4 0.51 0.0 41 1.4 -0.75 K           Is 

6 j|._2S= 2.528.« :<7:i»82 416910 6 2 3.4 0.091 1.2 -0.26 1)          ,„ 

[2310.0] 373633 416910 4 2 2.3 0.09; 2.8 -0.43 1)               Is 
[2367.3] 374681 416910 2 2 I.I 0.090 1,1 -0.71 1)               Is 

7 •|._J|.o 2247.4 :i~.vm i'HlM 6 6 3.9 0.29 13 0.21 1)       ru 

2232.2] 373633 418418 4 I 
j 

3.3       i 0.24 7.2 -0.02 l>                  Is 
2278 5] 374681 418557 2 2 2.1 0.19 2.8 -0.12 1»               Is 
2225.31 373633 418557 \ •> 1.3 0.048 1.1 -0.72 
2285.7] 374681 418418 *' ■»  j 0.59 0.093 1.4 -„.73 v.   !     is 

8 2/>,3/>-2/>'r,l>)3«" l>°_,l) 1832.0 mm 4fm:n 12 2(1 7.3 
1 

0.6,3 
1 

16 0.88   ; ■\)     \        :■„ 

1849.6 406201 160268 6 8 7.2 0.49 .8    ! 0.47 
1 

1/               Is 
1856.7 406562 460*21 1 6 5.1 0.40 

> 
9.7 0.20 1)              Is 

l)-|         Is 
l)-i           Is 
l)-|         Is 
I)-!       I» 
V     '          Is 

1861.2 406876 460606 2 1 3.0 0.31 3.8 -0.21 
1844.3 406201 46(1421 fi 6 2.2 0.11 1.1 -o.it; 
1850.3 406562 46061V, 1 1 3.9 0.20 1.9 -0.10 1 1855.9 406876 46075«; 2 •> ! 6.(1 0.31 3.8 -0.21 

j 1838.1 406201 460606 f> 1 (1.38 0.013    ! 0.46 - I.I 1 

1 
1845.1 406562 460759 1 2 1.2 0.032 (1.77   i 

1 
-0.89 

1.                's 

9 ll>°_ l[> / 767.7 U)()M moi.i 12 12 1.6 0.21 15 0,10 "1 fit 

i 

1752.7 406201 463257 6 6 3.3 0.15 5.2 -0.05 
1 

1) Is 
1773.0 406562 462964 1 1 (1.61 0.02') 0.67 -0.94 1 V ls i 1801.3 406876 462391 2 2 0.73 0.035 0.12 - 1.15 'E 

I)-! 

ls 
1761.7 406201  ] 462964 6 1 2.0 (1.063   I 2 2 -0.42 Is 
1791.2 ;r>562 462391 1 2 3.7 0.089   i 2.1 -0.45 1) - 

D- 
U- 

Is 
1763.8 406562 463257 1 6 1.4 HOT. ■) •> -0.12 ls 

i 1782.9 M16876 162964 2 1  1 1.9 0.18 l*i   ! -0.44 is 
10 



Na 111.   Allowed Transitions — Continued 

No. 

in 

\2 

l.t 

It 

Transition Multiple! MA) EM-m  ') £»<<m ') A'/ A'*- .4*/<10" /» .S'tal.u.) l»H Kf Accu- Source 
Array sec"1) racy 

'I)°-'I) 2041.9 411473 460431 20 20 1.9 0.12 16 0.38 D ca 

2028.6 410988 460268 8 8 1.7 0.10 5.5 -0.10 D Is 
2045.5 411548 460421 6 6 1.1 0.069 2.8 -0.38 D Is 
2055.2 411964 460606 4 4 0.76 0.048 1.3 -0.72 D- Is 
2058.8 412202 460759 2 2 0.93 0.059 0.80 -0.93 D- Is 
2022.3 410988 460421 8 6 0.37 0.017 0.91 -0.87 D- Is 
2037.8 411548 460606 6 4 0.66 0.027 1.1 -0.79 D- Is 
2048.7 411964 460759 4 2 0.94 0.030 0.80 -0.92 D- Is 
2051.9 411548 460268 6 8 0.27 0.022 0.91 -0.88 D- Is 
2063.0 411964 460421 4 6 0.42 0.040 1.1 -0.80 D- Is 
2065.3 412202 460606 2 4 0.46 0.059 0.80 -0.93 D- Is 

'I)°--'F 1947.1 411473 462832 20 28 8.9 0.71 91 1.15 D ca 

1965.1 410988 461877 8 10 8.8 0.64 33 0.71 D Is 
1939.3 411548 463113 6 8 7.6 0.57 22 0.53 D Is 
1935.6 411964 463628 4 6 7.0 0.59 15 0.37 D Is 
1950.8' 412202 463462 2 4 6.2 0.71 9.1 0.15 D- Is 
1918.5 410988 463113 8 8 1.3 0.073 3.7 -0.23 D- Is 
1920.1 411548 463628 6 6 2.2 0.12 4.7 -0.14 D- Is 
1941.8 411964 463462 4 4 2.5 0.14 3.6 -0.25 Ü- Is 
1899.7 410988 463628 8 6 0.094 0.0038 0.19 -1.52 E Is 
1926.3 411548 463462 6 4 0.18 0.0068 0.26 -1.39 E Is 

'S°— '1' 2192,3 417416 463015 4 12 3.7 0.80 23 0.51 D ca 

[2180.8 417416 463257 4 6 3.6 0.38 11 0.18 D Is 
2194.8 417416 462964 4 4 3.7 0.27 7.7 0.03 D Is 
[2222.8 417416 462391 4 2 3.5 0.13 3.8 -0.28 D Is 

-!)°--K  / >)').-,.') 414638 464740 10 14 8.6 0.72 47 0.86 I) ca 

[2011.9 4)4281 463969 6 8 8.4 0.68 27 0.61 D Is 
[1976.4 415173 465769 4 6 8.3 0.73 19 0.47 I) Is 
[1942.2 !  414281 465769 6 6 0.60 0.034 1.3 -0.69 E Is 

-l)°--l) 1999.7          414638 464646 10 10 2.1 0.13 8.4 0.11 1) ca 

| 1995.6] 114281 464392 6 6 2.0 0.12 4.7 -0.14 D Is 
! 2005.2] 415173 465028 4 4 1.9 0.11 3.0 -0.36 D Is 

1970.6] !  414281 465028 6 4 0.23 0.0087 0.34 -1.28 E Is 
2031.1] 415173 164392 4 6 0.14 0.013 0.34 -1.28 E Is 

2S°_'.i|> 2015.4 416910 4M.il! 2 6 4.5 0.83 11 0.22 1) ca 

1 [2004.8] 416910 466773 2 4 4.6 0.55 7.3 0.04 D Is 
[2036.9] 416910 465988 2 2 4.4 0.28 3.7 -0.25 D Is 

-|'°--|) 2 IMS 418464 464646 6 10 5.2 0.61 26 0.56 D ca 

2174.5 418418 464392 4 6 5.3 0.56 )6 0.35 D Is 
2151.2 418557 4650^8 2 4 4.4 0.61 8.7 0.09 D Is 
2144.8 418418 465028 4 4 0.87 0.0060 1.7 -1.62 E Is 

,,.o._,,,  j 2080.1, 418464 46it3ll 6 6 3.3 0.21 8.7 0.10 D ca 

2067.4 418418 466773 4 4 2.8 0.18 4.8 -0.14 D Is 
2107.7 418557 465988 2 2 2.1 0.14 ].•:• -0.55 D Is 
2101.5 418418 465988 t 2 1.) 0.035 0.97 -0.85 E Is 
2073.3 418557 466773 2 4 

  
0.55 0.071 0.97 -0.85 E Is 

WH-HJ> O-W)—I 
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Na III 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1 j. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

(1) Naqvi, A. M.. Thesis Harvard (1951). 

Nalll.     Forbidden Transitions 

No. 
Transition 

Array Multiplet A(A) £i(cm') £jt(cnr') Kl Hk 

Type of 
Transi- 

tion 
Akiisec1) S(at.u.) 

Accu- 
racy Source 

1 2p»-2ps 2po ,po 

[73294], 0 1364 4 2 
  

m 0.0456 1.33 A 1 

Ground State 

Ionization Potential 

Naiv 

Allowed Transitions 

98.88 eV= 797741 cm"' 

The values are calculated from the charge-expansion method of Cohen and Dalgarno [1| 
which includes limited configuration mixing. An additional value for the 'S —'P° transition is 
available from the calculations of Bolotin, Shironas, and Braiman [2], which also include limited 
configuration interaction For this latter transition, the two methods agree (airly well and the 
results are averaged. In general, uncertainties should be within 50 percent. 

References 

|lj Chen. M., and Dalgarno, A., Pr..c. Hoy. Soo. London A280, 2.'»R-270 (1%4|. 
|2| Bolotin, A. B.. Shironas. I. I., and Braiman. M. Yu., Vilniaus. Yalstyhinio v. kapsuko vardo universiteto Mokslo Darhai 

33, matematika fizika 9, 107-112 (1960). 

Na iv. Allowed Transitions 

No. Transition Multiplet Kih fcilcm-') Erfcm-') # Hk -i*.<10" fa .S'(at.u.) log «/ Accu- Source 
Array sec-1) racy 

1 25-2pJ-2s2ps :>p_:ip° 4l0.4.i 544 244 I'M) 9 9 98 0.25 3.0 0.35 I) 1 

[410.37] 0 243682 5 5 76 0.19 1.3 -0.02 1) Is 
(410.54] 1106 244688 3 3 24 0.062 0.25 -0.73 D- Is 
[408.68] 0 244688 5 3 42 0.062 0.42 -0.51 D- Is 
[409.61] 1106 245238 3 1 97 0.082 0.33 -0.61 D- Is 
[412.24] 1106 243682 3 5 24 0.10 0.42 -0.52 D- Is 
[411.331 1576 244688 1 3 32 0.24 0.33 -0.62 D- Is 

2 'D-'P0 
[319.64) [311181 [343972] 5 3 170 0.16 0.83 -0.10 1) 1 

3 'S— 'I'3 1360.76] 1667801 [343972] } 3 23 0.13 0.16 -0.89 1) 1.2 

12 
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Naiv 

Forbidden Transitions 

The sources used in deriving the adopted values are Naqvi [lj, and Malville and Berger [2]. 
Naqvi's magnetic dipole values are used whenever the choice of transformation coefficients be- 
comes more important than the effects of configuration interaction (see General Introduction). 
Malville and Berger have calculated values using "spin-orbit" and "spin-spin and spin-other- 
orbit integrals" calculated by Garstang (Monthly Notices Roy. Astron. Soc. Ill, 115 (1951)). The 
electric quadrupole moment s,, calculated by Malville and Berger has been used throughout and 
is considered better than Naqvi's, because it is obtained from self-consistent field wavefunctions, 
while Naqvi used screened hydrogenic wavefunctions. We have therefore modified Naqvi's :,PS—'P| 
and :,P2, i — 'Dä electric quadrupole values by substituting Malville and Berger's s,. 

References 

[1] Naqvi. A. M.. Thesis Harvard (1951). 
|2] Malville. J. M. and Berger, R. A., Planetary and Space Science 13, 1131 (1965). 

Na IV. Forbidden Transitions 

No. 
Transition 

Array Multiple! X(Ä) £i(cm-') £*(cm-'), Pi Pt 
Type of 
Transi-1 

tion 
Aictisec-1) S(at.u.) 

Accu- 
racy Source 

1 2/;' -V ip—tp 

90391] 
90391] 
63435] 
21.27 x 10'] 

0 
0 
0 

1106 

1106 
1106 
1576 
1576 

5 
5 
5 
3 

3 
3 
1 
1 

e 
m 
e 
m 

1.90X10-» 
0.0304 
1.48X10-' 
0.00561 

0.205 
2.50 
0.091 
2.00 

C- 
A 
C- 
B 

1,2 
1 
2 
1 

2 3P-'D 
(IF) 

3319.3 
3319.3 
3445.9 
3445.9 

[3384.0] 

0 
0 

1106 
1106 
1576 

31118] 
31118 
31118 
31118 
31118 

5 
5 
3 
3 
1 

5 
5 
5 
5 
5 

e 
m 
e 
m 
e 

6.1x10-* 
0.56 
7.1x10» 
0.167 
3.0 x 10-» 

7.3X10« 
0.00381 
1.0X10-« 
0.00127 
4.0 x 10-» 

D- 
C 
D- 
C 
D- 

1,2 
1 

1,2 
1 
2 

3 :,P-'S 

[1497.5] 
[1522.7] 

0 
1106 

[66780] 
[66780] 

5 
3 

1 
1 

r 
m 

0.012 
7.6 

5.4 X10"5 

9.9x10* 
D- 
C 

2 
2 

4 'D-'S 

[2803.3] [31118] [66780] 5 1 e 3.5 0.360 c- 2 

13 



(•round State 
Na V 

h-2^-2/-"S^ 

Ionization Potential 138.37 eV = 1116312 cm 

Allowed Transitions 

List of tabulated lines: 

• 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

307.15 3 369.73 7 456.15 8 
308.26 3 369.78 i 459.57 8 
308.29 3 400.67 2 459.90 1 
332.54 6 KM). 71 2 461.05 1 
332.59 6 400.73 2 463.26 1 

333.88 6 400.77 2 506.99 <) 
333.92 6 445.05 i        I 510.09 9 
360.32 5 445.12 4 511.21 9 
360.37 5 445.19 4 514.36 9 
367.56 7 

i 

i 

Values for all the listed transitions are calculated from the nuclear charge-expansion method 
of Cohen and Dalfiarno (1). which includes limited configuration mixing. Judged from graphical 
comparisons with other ions in the isoelectronic sequence and from the jiencral success of Cohen 
and Dal«arno"s method for similar atomic systems, uncertainties within 50 percent arc indicated. 

Reference 

|1) Cohen. M., and Dalfiarno. A., Proc. Roy. Sue. London A280, 258-270 (1964). 

Na V.    Allowed Transitions 

No. Transition 
Array 

Multiple! Al A) £ilem~') ^■icm-'l Pi A'i- /A,M0» 
sec " 

/» Siat.u.) H A'/ Accu- 
racy 

Source 

1 2s-2/r'-2s2/>4 'S"-'!' 46 IM 0 2/6892 4 12 31 0.30 1.8 0.08 1) 1 

1463.26] 
1461.05] 
(459.90] 

0 
0 
0 

215860 
2168% 
217440 

4 
4 
4 

6 
4 
2 

31 
31 
31 

0.15 
0.099 
0.050 

0.90 
0.60 
0.30 

-0.22 
- 0.40 
-0.70 

1) 
I) 
1) 

1* 
Is 
Is 

2 n)°--D 400.72 \47S80\ \2<>7i:io\ 10 10 72 0 17 2.3 0.23 1) 1 

1400.73] 
1400.71] 
|400.67| 
[400.771 

(47570| 
[47595| 
|47570( 
|475< 51 

129711 ii| 
[297150| 
|297150| 
|297116| 

6 
4 
6 
4 

6 
4 
4 
6 

68 
65 

7.2 
4.8 

0.16 
0.16 
0.012 
0.017 

1.3 
0.83 
0.092 
0.092 

-0.02 
-0.19 
-1.14 
-1.17 

1) 
1) 
E 
E 

Is 
Is 
Is 
Is 

3 -'Do-jp :i07.H') \475H0) \:i72M7\ 10 6 270 0.23 2.3 0.36 1) 1 

[308.26| 
|307.15| 
(308.291 

147570] 
[47595] 
147595] 

|371967| 
[3731671 
(3719671 

6 
4 
4 

4 
2 
4 

240 
270 

26 

0.23 
0.19 
0.037 

1.4 
0.77 
0.15 

0.14 
-0.12 
- 0.83 

1) 
1) 
E 

Is 
Is 
Is 

4 ■r--!) 44.1.14 \724H()\ \2'>71M\ 6 10 II 0.056 0.49 -0.47 1) 1 

[445.191 
|445.05| 
]445.12| 

|72493| 
(724541 
(724931 

|297116| 
|297150| 
1297150] 

4 
2 
4 

6 
4 
4 

11 
9.2 
19 

0.049 
0.055 
0.0056 

0.29 
0.16 
0.033 

-0.71 
- 0.96 
- 1.65 

1) 
1) 
E 

Is 
Is 
Is 

14 



Na v.   Allowed Transitions —Continued 

Transition 
\rray 

Multiple! XI At £iUnv'l A.'n(ciir') Hi Kit -lAlllO» 
sec-"1) 

ftk .S(at.u.)( log </ Accu- 
racy 

Source 

,|,o_,s muä \72lHO] \:UWH7\ 6 2 150 0.10 0.71 - 0.22 1) 1 

1.360.37] 
|360.32| 

172493] 
|72454| 

1349987) 
I349987J 

4 
2 

2 
2 

100 
52 

0.099 
0.10 

0.47 
0.24 

- ).40 
-0.70 

D 
D 

Is 
Is 

.,,,„_,,, :m.46 \724S0\ [.772.1671 6 6 78 0.13 0.86 -0.11 D 1 

1333.92] 
1332.54] 
|332.59| 
1333.88] 

[72493] 
[72454] 
[724931 
|72454| 

1371967] 
1373167] 
1373167) 
1371967] 

4 
2 
4 
2 

4 
2 
2 
4 

65 
52 
26 
13 

0.11 
0.087 
0.022 
0.044 

0.48 
0.19 
0.096 
0.096 

-0.36 
-0.76 
-1.06 
-1.06 

D 
D- 
E 
E 

Is 
Is 
Is 
Is 

Y-W -D--I»0 M<>.0l \2fim) 1568/26] 10 6 120 0.15 1.8 0.18 D 1 

1369.73] 
(367.56] 
1369.78) 

[2971161 
[2971501 
[297150| 

[567583] 
1569211] 
|567583| 

6 
4 
4 

4 
2 
4 

110 
120 

12 

0.15 
0.12 
0.025 

1.1 
0.60 
0.12 

-0.05 
-0.32 
-1.00 

D 
D 
E 

Is 
Is 
Is 

3.S_SP» 458.42 1349987) 1568/26] 2 6 7.0 0.066 0.20 -0.88 D 1 

(459.571 
[456.15] 

[3499871 
|349987| 

[567583) 
1569211| 

2 
2 

4 
2 

6.8 
7.2 

0.043 
0.022 

0.13 
0.067 

-1.07 
-1.36 

D 
D 

Is 
Is 

,,,,,,„ MOM [.172.167] \568l2b\ 6 6 84 0.33 3.3 0.30 D 1 

[511.21] 
1510.09] 
1506.99) 
(514.36] 

|371967| 
|373167| 
I371967J 
I373167J 

[5675831 
[5692111 
[5692111 
[567583] 

4 
2 
4 
2 

4 
2 
2 
4 

68 
56 
29 
14 

0.27 
0.22 
0.055 
0.11 

1.8 
0.73 
0.37 
0.37 

0.03 
-0.36 
-0.66 
-0.66 

D 
D- 
E 
E 

Is 
Is 
Is 
Is 

NaV 

Forbidden Transitions 

All the values lor this ion have been taken from Pasternack [1]. The electric quadrupole 
\allies have been corrected by applying Naqvi's value [2] for the electric quadrupole moment sq. 

References 

|l| I'asKriwck. S.. Asln.plivs J. 92. 129 (19401. 
|2| \ai|vi. V M.. Thesis Harvard < 1951). 

Na V.    Forbidden Transitions 

No. 
Transition 

Array Multiple) X(A) r.'ylcm M A.» (cm1) Hi Mk 
Type of 
Transi- 

tion 
.•Msec  ') .S(at.u.) 

Accu- 
racy Source 

1 2/i:l - 2i>< «S°-*D° 

[2101.5 
[2101.5 
[2100.4 
[2100.4 

0 
0 
0 
0 

[47570 
[47570 
47595 

[47595 

4 
4 
4 
4 

6 
6 
4 
4 

m 
e 

m 
e 

2.2 x 10 > 
9.6 X H) * 
0.012 
5.9 X 10 ' 

4.54 x 10 ' 
l.lx 10 ' 
1 65 A. !() ■• 
">.7x 10 ■"• 

C- 
D- 
C- 
I)- 

1 
1.2 

1 
1.2 

2 <S0_'jp° 

[ 1379.4 
[1379.4 
[1380.2 
[1380.2 

0 
0 
0 

72493] 
72493] 
724541 
72454] 

4 
4 
4 
4 

4 
4 
2 
2 

m 
e 

m 
e 

4.3 
3.0 x 10 " 
i.7 
7.5 x 10" 

().(K)i67 
3.6 x 10 " 
3.31 x 10 4 

4.5 X 10 H 

C 
D- 
C 
D- 

1 
1.2 

1 
1.2 

15 
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Na V.   Forbidden Transitions —Continued 

No. 
Transition 

Array Multiplet \(A) fi(cBl-') £*(cm-') *< .«* 
Type of 
Transi- 

tion 
.<*( (sec"') S(al.u.) 

Accu- 
racy Source 

3 «DU-«D,> 

[40.0 x10s] 
[40.0X10'] 

[47570] 
[47570] 

[47595] 
[47595] 

6 
6 

4 
4 

m 
e 

2.53X10-' 
6.4 XlO'9 

2.40 
0.0016 

B- 
D- 

1.2 
1.2 

4 iD0-«P° 
(IF) 

4011.2 
4011.2 
4021.6 
4021.6 
4017.5 
4015.3 
4015.3 

[47570 
47570 
47595 
47595 
47570 
47595 
47595 

72493 
'72493 
72454 
72454 

'72454 
72493 
72493 

6 
6 
4 
4 
6 
4 
4 

4 
4 
2 
2 
2 
4 
4 

m 
e 

m 
e 
e 

m 
e 

0.67 
0.23 
0.74 
0.19 
0.13 
1.2 
0.0% 

0.0064 
0.56 
0.00357 
0.24 
0.16 
0.0116 
0.24 

C 
D 
C 
D 
D 
C 
D 

1 
2 
1 
2 
2 
1 
2 

5 IP — IP0 

[25.6 x 10s] 
[25.6 X 105] 

[72454] 
[72454] 

[72493] 
[72493] 

2 
2 

4 
4 

m 
e 

5.33 XlO7 

2.5 xlO-'» 
1.33 
6.6 xlO4 

B- 
D- 

1.2 
1.2 

£ 

Ground State 

Ionization Potential 

NaVI 

Allowed Transitions 
List of tabulated lines: 

l*-22s22/>2 »P0 

172.09 eV= 1388419 cm-' 

Wavelength [Ä] No. Wavelength [Ä] No. Wavelength [Ä] No. 

311.93 3 420.49 8 1516.0 12 
312.61 3 421.49 8 1532.5 12 
313.74 3 423.84 8 1550.6 12 
317.64 5 440.27 10 1567.8 12 
361.25 4 489.57 1 1608.5 14 

362.44 6 491.25 1 1615.9 14 
363.77 7 491.34 1 1630.3 14 
364.46 7 494.07 1 1634.6 14 
364.52 7 494.16 i 4 1649.4 14 
366.10 7 494.38 1 1741.5 13 

366.23 7 528.73 11 1747.5 13 
366.28 7 630.65 9 1748.3 13 
414.35 2 632.88 9 1763.3 13 
415.55 2 638.21 9 1770.3 13 
417.57 2 

Most data are obtained from the charge-expansion method of Cohen and Dalgarno [1] which 
includes limited configuration mixing. Graphical comparisons of this material within the isoelec- 
tronic sequence depicting the dependence of /-values on nuclear charge have been made, and the 
available experimental data for the lower ions, mostly from lifetime measurements, establish fairly 
definitely that the uncertainties should not exceed 50 percent. Analogous graphs for the data ob- 
tained from the Coulomb approximation indicate that these values are accurate within 25 percent. 

Reference 

[1] Cohen, M., and Dalgarno. A., Proc. Roy. Soc. London A280, 258-270 (1964). 
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s 

Na vi .   Allowed Transitions 

N... Transition 
Array 

Multipl"! A(Ä) Eiicn»-') £t<cm-') Ki /** ■IM<10» 
sec') 

A S(at.u.) log«/" Accu- 
racy 

Source 

1 2i22pl-2s2pJ 3P-'D° 492.80 1265 204187 9 15 18 0.11 1.6 -0.00 D + 1 

[494.38] 
(491.34] 
[489.57] 
[494.16] 
[491.25] 
[494.07] 

1858 
698 

0 
1858 
698 

1858 

204131 
204222 
204260 
204222 
204260 
204260 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
5 

18 
14 
10 
4.4 
7.4 
0.50 

0.092 
0.082 
0.11 
0.016 
0.027 
0.0011 

0.75 
0.40 
0.18 
0.13 
0.13 
0.0089 

-0.34 
-0.61 
-0.96 
-1.10 
-1.09 
-2.26 

D + 
D + 
D- 
D- 
D- 
E 

/5 
Is 
Is 
Is 
U 
Is 

2 »P_sp° 416.53 /265 241341 9 9 47 0.12 1.5 0.03 D 1 

[417.57] 
[415.55] 
[4P.57] 
[415.55] 
[415.55] 
[414.35] 

1858 
698 

1858 
698 
698 

0 

241341 
241341 
241341 
241341 
241341 
241341 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

35 
11 
19 
48 
12 
16 

0.090 
0.029 
0.031 
0.041 
0.051 
0.12 

0.62 
0.12 
0.21 
0.17 
0.21 
0.17 

-0.35 
-1.06 
-0.81 
-0.91 
-0.82 
-0.92 

D 
D- 
D- 
D- 
D- 
D- 

is 
Is 
Is 
Is 
Is 
Is 

3 •ip _ ago 31.3.16 1265 320589 9 3 290 0.14 1.3 0.10 D-f 1 

[313.74] 
[312.61] 
[31193] 

1858 
698 

0 

320589 
320589 
320589 

5 
3 
1 

3 
3 
3 

160 
95 
31 

0.14 
0.14 
0.14 

0.72 
0.43 
0.14 

-0.15 
-0.38 
-0.85 

D + 
D + 
D + 

Is 
Is 
Is 

4 'D-'D" [361.25] 35358 312175 5 5 140 0.27 1.6 0.13 D 1 

5 'D-'P° [317.64] 35358 350179 5 3 170 0.16 0.82 -0.10 D 1 

6 'S-'P° [362.44] 74274 350179 1 3 47 0.28 0.33 -0.55 D- 1 

7 2*2p3-2p« 3D"_ip 365.31 204187 477926 15 9 120 0.14 2.5 0.32 D 1 

[366.10] 
[364.46] 
[363.77] 
[366.23] 
[364.52] 
[366.28] 

204131 
204222 
204260 
204222 
204260 
204260 

477277 
478597 
479156 
477277 
478597 
477277 

7 
5 
3 
5 
3 
3 

5 
3 
1 
5 
3 
5 

99 
86 

120 
17 
29 

1.2 

0.14 
0.10 
0.078 
0.035 
0.058 
0.0039 

1.2 
0.62 
0.28 
0.21 
0.21 
0.014 

-0.01 
-0.30 
-0.63 
-0.76 
-0.76 
-1.93 

D 
D 
D- 
D- 
D- 
E 

Is 
Is 
Is 
Is 
Is 
Is 

8 :ip°_.ip 422.68 241341 477926 9 9 29 0.078 0.98 -0.15 D 1 

[423.84] 
[421.49] 
[421.49] 
[420.49] 
[423.84] 
[421.49] 

241341 
241341 
241341 
241341 
241341 
241341 

477277 
478597 
478597 
479156 
477277 
47KJ97 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

22 
7.4 

13 
30 

7.5 
9.9 

0.059 
0.020 
0.034 
0.026 
0.033 
0.079 

0.41 
0.082 
0.14 
0.11 
0.14 
0.11 

-0.53 
-1.22 
-0.77 
-1.11 
-1.00 
-1.10 

D 
E 
D- 
D- 
D- 
D- 

Is 
Is 
Is 
Is 
Is 
Is 

9 :'S°-:iP 635.58 320589 477926 3 9 18 0.32 2.0 -0.02 D 1 

[638.21] 
[032.88] 
[630.65] 

320589 
320589 
320589 

477277 
478597 
479156 

3 
3 
3 

5 
3 
1 

17 
18 
18 

0.17 
0.11 
0.035 

1.1 
0.67 
0.22 

-0.29 
-0.48 
-0.98 

D 
D 
D 

Is 
Is 
Is 

10 'D°-'D [440.27] 312175 539310 5 5 120 0.34 2.5 0.23 D 1 

11 'P°-'D [528.73] 350179 539310 3 5 15 0.11 0.55 -0.48 D 1 

12 2p3s— 
2p(2P°)3p 

ap°_:ip 

[1550.6] 
[1532.5] 
[1567.8] 
[1516.01 

808795 
807324 
808795 
807324 

873287 
872577 
872577 
873287 

5 
3 
5 
3 

5 
3 
3 
5 

3.99 
1.4 
2.14 
1.42 

0.144 
0.048 
0.0473 
0.081 

3.67 
0.73 
1.22 
1.22 

-0.143 
-0.84 
-0.63 
-0.61 

C 
D 
C 
C 

ca. Is 
ca. Is 
ca. Is 
ca. Is 
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NaVI.    Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! xi A) ffitorn-1) £*<cnr't A'i A- ■JwllO" 
see"'') 

A» .Slal.u.) 1»(5«/ Accu- 
racy 

Source 

13 2p3p — 
2j>(2PW 

:.,»_:.[)= 

[1747.5| 
[1741.51 
[1763.31 
[1748.31 
[1770.3| 

R73287 
872577 
873287 
872577 
873287 

930510 
929999 
929999 
929774 
929774 

s 
3 
5 
3 
5 

7 
5 
5 
3 
3 

2.87 
2.19 
0.70 
1.20 
0.077 

0.184 
0.166 
0.0327 
0.055 
0.0022 

5.3 
2.85 
0.95 
0.95 
0.063 

-0.036 
-0.303 
-0.79 
-0.78 
-1.97 

<: 
<: 
c 
c 
E 

ca. Is 
ca. Is 
ca. Is 
ca. Is 
ca. Is 

14 :ip_:ip° 

[1649.4) 
[1615.9) 
[1634.6) 
[1608.51 
[1630.3] 

873287 
872577 
873287 
872577 
872577 

933915 
934463 
934463 
9347i5 
933915 

5 
3 
5 
3 
3 

5 
3 
3 
1 
5 

1.46 
0.52 
0.83 
2.10 
0.50 

0.060 
0.0202 
0.0201 
0.0271 
0.0335 

1.62 
0.323 
0.54 
0.43) 
0.54 

-0.52 
-1.218 
-1.000 
-1.090 
-1.000 

C 
c 
<: 
c 
c 

ca. Is 
ca. Is 
ca. Is 
ca. Is 
ca. Is 

Na VI 

Forbidden Transitions 

The sources adopted for this ion are Naqvi [1], Malville and Berger [2], and Froese [3]. 
Malville and Berger have utilized "spin-orbit" and "spin-spin and spin-other-orbit" integrals by 
Garstang (Monthly Notices Roy. Astron. Soc. Ill, 115 (1951)). Naqvi's and Malville and Berger's 
magnetic dipole transitions have generally been averaged sin< r- their methods are very similar. 
But for the 3P—'? transition, where configuration interaction is important, Malville and Berger's 
value, which is obtained empirically, has been preferred over that of Naqvi which is besed purely 
on theory (see also General Introduction). 

Since Froese's value of s„. the electric quadrupole moment, is obtained by usinj: the most 
advanced self-consistent field wave function calculations, we have modified Naqvi's and Malville 
and Berber's electric quadrupole values by hers,,. 

References 
|1] Naqvi. A. M. Thesis Harvard (1951). 
|2) Malville. J. M.. and Beiger. R. A.. Planetary and Space Science 13, 1131 (1965). 
[31 Froese. C. Astrophys. J. 145, 932 U%6). 

NaVl.   Forbidden Transitions 

No. 
Transition 

Array Multiple! x(A) E,{cm") £»(cm M £i fik 

Type of 
Transi- 

tion 
U,(sec -») .S'Ut.u.) 

Accu- 
rac> Source 

1 2i>--2,,- <P-'P 

[H 
53807 
86183 
86183 

.32 X W] 0 
0 

698 
698 

698 
1858 
1858 
1858 

1 
1 
3 
3 

3 
5 
5 
5 

m 
e 

m 
e 

0.00612 
4.35 x 10" 
0.0211 
9.3 x 10" 

2.00 
0.058 
2.50 
0.131 

B 
C 
A 
C 

1 
2.3 

1 
1.3 

2 'P-'D 

282' 
28& 
288, 
298H 

298-, 

'.41 
1.3 
1.3 
1.2 
k2 

0 
698 
698 

1858 
1858 

35358 
35358 
353.58 
353.58 
35358 

1 
3 
3 
5 
5 

5 
5 
5 
5 
5 

e 
m 
e 

m 
e 

5.1X105 

0.441 
1.7x10 4 

1.20 
0.0010 

2.7X10 • 
0.001% 
1.0X 10 4 

0.0059 
7.1 x 10 ' 

D 
('. 
D 
C 
D 

2.3 
1. 2 
1.3 
1.2 
1.3 
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Na VI.   Forbidden Transitions — Continued 
:e 

No. 
Transitiun 

Array Multiple! x(A) £i(cm~') £*(cm-') « A- 
Type of 
Transi- 

tion 
Aki{sec') S(at.u.) 

Accu- 
racy Source 

3 »P-'S 

[1359.1] 
[1380.9 J 

698 
1&58 

74274 
74274 

3 
5 

1 
1 

m 
e 

13.4 
0.019 

0.00125 
5.7x10* 

C 
D 

9. 
2,3 

4 ■D-'S 

[2568.9] 35358 74274 5 1 e 3.59 0.239 C 2,3 

(/round State 

Ionization Potential 

Na VII 

Allowed Transitions 

List of tabulated lines: 

ls22s-'2/> -P?/:. 

208.444 eV= 1681679 cm-' 

Wavelength [A] No. Wavelength [A] No. Wavelength [Ä] No. 

94.288 11 385.11 6 498.23 7 
94.468 11 385.25 6 498.46 i 

94.479 11 396.36 4 551.75 9 
105.11 10 397.52 4 552.03 9 
105.35 10 399.21 4 555.80 9 

350.64 3 483.13 5 556.09 9 
352.28 3 483.22 5 778.05 8 
353.29 3 483.33 5 786.13 8 
354.95 3 483.41 5 786.65 8 
378.21 2 486.74 1 1752.2 12 

381.30 2 491.86 1 1912.7 13 
385.06 6 492.60 1 1917.1 

  
13 

Values for the majority of the transitions are calculated from the nuclear charge-expansion 
method of Cohen and Daigarno [1] which includes limited configuration mixing. (»raphical com- 
parisons with other data for the lower ions of this isoelectronic sequence indicate that the un- 
certainties should be within 50 percent. For the 3s 2S — 3/> 2P° transition an/value from the charge- 
expansion calculations of Naqvi and Victor [2] is available, which links up well with reliable 
data available for the lower ions as is readily seen again from graphical comparison. 

For the 2/>2P~3s2S and 2/>2P — 3i72D multiplets we have obtained data by exploiting the 
dependence of/-values on nuclear charge: In these cases accurate data for several other ions of 
the boron sequence are available from extended self-consistent field calculations by Weiss [3] in 
which configuration mixing is fully included. Utilizing those values, which art a'so supported by 
some experimental results on lower ions, we have obtained the /-values of the two transitions 
simply by graphical interpolation. 

References 

|1) Cohen. M.. and Dal|E,irnn, A.. rW Roy. Soc. London A280, 2.S8-270 ll%4). 
|2| Naqvi. A. M.. and Victor, (i. A.   Technical Documentary Report No. RTI» TRR-6.!-3118 |1%4). 
|3| Weiss. A. W., private communication (1%7). 
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Na vii .  Allowed Transitions 

No. Transition 
Array 

Multiplel X(A) £,(cm-') A'*(cnr'l Pi 

6 

Hk 4*i<10" 
sec-1) 

A .S(at.u.) 

-0.24 

Accu- 
racy 

1) 

Source 

1 2s!2p-2s2pi ipo_ 2[) 490.20 1426 205426 10 16 0.0% 0.93 1 

[492.60) 
(486.74) 
(491.86) 

2139 
0 

2139 

205412 
205448 
205448 

4 
2 
4 

6 
4 
4 

16 
14 
2.6 

0.086 
0.097 
0.0096 

0.56 
0.31 
0.062 

-0.46 
-0.71 
-1.42 

I) 
1) 
E 

Is 
Is 
Is 

2 *po_ SS 380.27 1426 264400 6 2 68 0.G49 0.37 -0.53 L) + 1 

(381.30) 
(378.21) 

2139 
0 

264400 
264400 

4 
2 

2 
2 

46 
22 

0.050 
0.048 

0.25 
0.12 

-0.70 
-1.02 

IM- 
D + 

Is 
Is 

3 2pu_:!p .■»52.95 1+26 284749 6 6 120 0.23 1.6 0.14 D + 1 

(353.29 
[352.28 
[354.95 
(350.64 

2139 
0 

2139 
0 

285189 
283869 
283869 
285189 

4 
2 
4 
2 

4 
2 
2 
4 

100 
83 
41 
21 

0.19 
0.16 
0.039 
0.078 

0.89 
0.36 
0.18 
0.18 

-0.12 
-0.49 
-0.81 
-0.81 

D + 
D 
D- 
D- 

Is 
Is 
Is 
Is 

4 2s2pt-2p3 *p-*s° :m.i7 1116331] [367481] 12 4 120 0.095 1.5 0.06 D + 1 

[399.21) 
(397.52) 
(396.36) 

[116987] 
[115920) 
[115187] 

(367481) 
[3674811 
[3674811 

6 
4 
2 

4 
4 
4 

56 
40 
24 

0.089 
0.0% 
0.11 

0.7'- 
0.50 
0.30 

-0.27 
-0.42 
-0.66 

D + 
D + 
I) + 

Is 
Is 
Is 

5 2D_2Dc 483.28 205426 412345 10 10 34 0.12 1.9 0.08 [) + 1 

[483.33 
[483.22 
[483.13 
[483.41 

205412 
2Ü5448 
205412 
205448 

412311 
412395 
412395 
412311 

6 
4 
6 
4 

6 
4 
4 
6 

33 
30 
3.4 
2.3 

0.12 
0.11 
0.0080 
0.012 

1.1 
0.68 
0.076 
0.076 

-0.14 
-0.36 
-1.32 
-1.32 

I) + 
1) 
E 
E 

Is 
Is 
Is 
Is 

6 «D_.2p° 385.13 205426 465080 10 6 55 0.073 0.93 -0.14 D 1 

385.06] 
385.25] 
385.11] 

205412 
205448 
205448 

465111 
465017 
465111 

6 
4 
4 

4 
2 
4 

50 
55 
5.5 

0.074 
0.061 
0.012 

0.56 
0.31 
0.062 

-0.35 
-0.61 
-1.32 

D 
D 
E 

Is 
Is 
Is 

7 2S — 2P° 498.31 264400 465080 2 6 10 0.12 0.38 -0.62 D 1 

[498 23] 
[498.46] 

264400 
264400 

465111 
465017 

2 
2 

4 
2 

10 
11 

0.076 
0.040 

0.25 
0.13 

-0.82 
-1.10 

D 
D 

Is 
Is 

8 2P —2D° 783.72 284749 412345 6 10 8.0 0.12 1.9 -0.14 D 1 
786.651 

778.05] 
786.13] 

285189 
283869 
285189 

412311 
12395 

412395 

4 
2 
4 

6 
4 
4 

7.6 
6.8 
1.4 

0.11 
0.12 
0.013 

1.1 
0.63 
0.13 

-0.36 
-0.62 
-1.28 

D 
D 
E 

/s 
Is 
Is 

9 jp_2p° 554.54 284749 465080 6 6 34 0.16 1.7 -0.02 D 1 
555.80] 
552.03] 
556.09] 
551.75] 

285189 
283869 
285189 
283869 

465111 
465017 
465017 
465111 

4 
2 
4 
2 

4 
2 
2 
4 

28 
23 
11 
5.7 

0.13 
0.10 
0.026 
0.052 

0.94 
0.38 
0.19 
0.19 

-0.28 
-0.70 
-0.98 
-0.98 

D 
D 
D- 
D- 

Is 
Is 
Is 
Is 

10 2p-('S)3s 2p"_2S 105.27 1426 951347 6 2 450 0.025 0.052 -0.82 C interp 

[105.35] 
[105.11] 

2139 
0 

951347 
951347 

4 
2 

2 
2 

300 
150 

0.025 
0.025 

0.035 
0.017 

-1.00 
-1.30 

C 
c 

Is 
Is 

11 2A»-('S)3rf «P°_2[) 94.409 1426 1060651 6 10 2700 0.60 1.1 0.56 ('. interp 

94.468] 
94.288] 
94.479] 

2139 
0 

2139 

1060699 
1060580 
1060580 

4 
2 
4 

6 
4 
4 

2600 
2200 

440 

0.53 
0.60 
0.059 

0.66 
0.37 
0.073 

0.33 
0.08 

-0.63 

c 
c 
E 

Is 
Is 
Is 

12 3i-('S)3p »S-2P° 
[1752.2] 951347 100C418 2 4 3.32 0.306 3.53 -0.213 c 2, Is 

13 3p-('S)3d *P°_2D 
(1912.7) 
[1917.1] 

1006418 
1008418 

1060699 
1060580 

4 
4 

6 
4 

2.20 
0.37 

0.181 
0.020 

4.56 
0.51 

-0.140 
-1.09 

c 
D 

ca. Is 
ca. Is 
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Na vii 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1 j. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

|1| Naqvi. A. M., Thews Harvard (1951). 

Na VII.    Forbidden Transitions 

■ 

No. 
Transition 

Array Multiple! JMA) £j(cm-') £*(cm-') Si ft 
Type of 
Transi- 

tion 
/f*i(sec-') 5(at.u.) 

Accu- 
racy Source 

1 2/j-('S»2p 2po_2po 

[46738] 0 2139 2 4 m 0.0878 1.33 A 1 

Na viii 
(•round State 

Ionization Potential 

ls22s2 'S,, 

264.155 eV = 2131139 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A) No. Wavelength [A] No. Wavelength [A] No. 

77.267 6 497.80 3 2059.1 10 
98.080 7 499.73 3 2558.2 16 

411.15 2 788.75 1 2772.0 13 
492.33 3 848.73 4 5021.0 15 
492.91 5 1239.4 14 3108.9 17 

493.97 3 1802.7 11 3182.3 8 
495.76 3 1867.7 12 14401 9 
496.25 3 

Garstang and Shamey [1] have obtained the/-value for the intercombination line 2'S0-2:,P| 
by calculating the ratio of this line against the resonance transition in the intermediate coupling 
approximation and by using for the resonance line a value calculated according to Cohen and 
Dalgarno's method [2j. The data calculated from the charge-expansion method of Cohen and 
Dalgarno [2], which includes limited configuration mixing, are estimated In be usually accurate to 
50 percent or better, while the charge-expansion method of Naqvi and Victor |3| should be less 
reliable when the effects of configuration interaction are strong, since these are neglected entirely. 
In assigning the accuracy estimates for these methods as well as for the Coulomb approximation we 
were to a great extent guided by studying the degree of fit of the data into the systematic trends 
along iscelectronic sequences. 

References 

|1| (iarstang, R. H., and Shamey. I. J.. Asirophys. J. 148, 665-666 (1%7), 
[2| Cohen. M.. and Dalnarno. A.. S;roc. Roy. Soc. London A280, 258-270(1964). 
3   Naqvi. A. M.. and Victor, V,. A.. Technical Documenta™ Report No. RTD TDR-63-:>,llH (l%4). 
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Na VIII. Allowed Transitions 

No. Transition 
Array 

Multiple! MÄ) £i(cnr') iiVrm-') XI A'*- -IwllO" 
sec"1) 

u .S'lat.u.) log«/' Accu- 
racy 

Source 

1 2s2-2*(2S)2p >S—:,P° 

1788.75] 0 [126783] 1 3 6.4 X 10-« 1.8x10 •• 4.7 X10-* -4.74 D In 

2 •S-'F" 411.15 0 243223 1 3 45.5 C346 0.468 -0.461 C 2 

3 2s2p-2p2 apo_:ip 496.06 \1275'):i\ [329183] 9 9 37 0.14 2.0 0.10 D + 2 

[496.25 
[495.76 
[499.73 
[497.80 
[492.33 
[493.97 

128387] 
126783] 
128387] 
126783] 
126783] 
126053] 

[329899] 
[328494] 
[328494] 
[327667] 
[329899] 
[3284941 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

28 
9.4 

15 
36 
9.5 

12 

0.10 
0.035 
0.034 
0.045 
0.058 
0.14 

0.83 
0.17 
0.28 
0.22 
0.28 
0.22 

-0.30 
-0.98 
-0.77 
-0.87 
-0.76 
-0.85 

D + 
D- 
D- 
D- 
D- 
D ■ 

Is 
Is 
Is 
Is 
Is 
Is 

4 'P0-'D [848.73] 243223 361046 3 5 8.0 0.14 1.2 -0.38 D- 2 

5 'P°-'S [492.91] 243223 446099 3 1 73 0.088 0.43 -0.58 E 2 

6 2s2-2*(2S)3p 'S-'P0 [77.267] 0 1294214 1 3 2000 0.55 0.14 -0.26 E 3 

7 2s2p-2s(2S)3s 'P°-'S [98.080] 243223 1262799 3 1 140 0.0065 0.0063 -1.71 E 3 

8 2*3s-2sx2S)3p ■ S-'P0 [3182.3] 1262799 1294214 1 3 0.461 0.210 2.20 -0.68 3 

9 2p3s- 
2p(2P°)3p 

ipo_ip [14401] 1426049 1432991 3 3 0.00484 0.0150 2.14 -1.347 ca 

10 'P°-'D [2059.1] 1426049 1474598 3 5 1.80 0.190 3.87 -0.244 c w'U 

11 "P'-'S [1802.7] 1426049 1481521 3 1 2.70 0.0438 0.78 -0.88 (; ca 

12 2s3p- 
2M2S)3«i 

'P°-'D (1867.7] 1294214 1347756 3 5 2.01 0.175 3.23 -0.280 ca 

13 2p?p- 
2p(2P0)3rf 

'P~!D° [2772.0] 1432991 14690S5 3 5 0.419 0.080 2.20 -0.62 <" ca 

14 ip_, ip° 11239.4] 1432991 1513677 3 3 3.02 0.069 0.85 -0.68 ca 

15 'D-'F° [3021.01 1474598 1507690 5 7 0.490 0.094 4.67 -0.328 ca 

16 'D-'P° [2S58.2] 1474598 1513677 5 3 0.0226 0.00133 0.056 -2.177 ca 

17 'S-'P° [3108.9] 1481521 1513677 1 3 0.258 0.112 1.15 -0.95 ca 

Na VIII 

Forbidden Transitions 

Naqvi's calculations [1] are the only .cailable source. The results for the :,P — :,P° transitions 
are essentially independent of the choice of ?he interaction parameters. For the :>P°— 'P° transi- 
tions, Naqvi uses empirical term intervals, i.e., the effects of configuration interaction should he 
partially included. 

Reference 

(1| Naqvi. A. M. Thesis Harvard (1951). 
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Na VIII.    Forbidden Transitions 

No. 
Transition 

Array Multiple! X(A) Eiicm"') £*(cm-') Ki ttk 
Type of 
Transi- 

tion 
<4*j(sec-') S(at.u.) 

Accu- 
racy Source 

1 2s2/;-2s(-'S)2/> :ip° _ :ip° 

[13.70X104] 
[62327] 

[126053] 
[126783] 

[126783] 
[128387] 

1 
3 

3 
5 

m 
m 

0.00699 
0.0557 

2.00 
2.50 

B 
A 

1 
1 

2 ;ipo_ ipo 

853.46 
858.81 
870.05 

126053] 
126783] 
128287] 

243223 
243223 
243223 

1 
3 
5 

3 
3 
3 

m 
m 
m 

2.70 
2.06 
3.18 

1.87X10-* 
0.0145 
2.33 x 10« 

C 
C 
C 

1 
1 
1 

Ground State 

Na IX 

W2s 2S„2 

Ionization Potential 299.78 eV = 2418520 em"1 

Allowed Transitions 

List of tabulated lines: 

Wavelength 1 Al No. Wavelength [A] No. Wavelength (A) No. 

53.860 
58.201 
58.279 
58.291 
58.952 

3 
7 
7 
7 
5 

77.764 
77.911 
77.925 
81.175 
81.350 

6 
6 
6 
4 
4        . 

224.17 
681.72 
694.26 

2487.7 
2535.8 

11 
1 
1 
8 
8 

59.044 
70.615 
70.653 

5 
2 
2 

208.02 
223.79 
223.99 

9 
11 
11 

6841.8 
7103.4 
7218.2 

10 
10 
10 

For the transition 2s — 2/>. the charge-expansion calculation of Cohen and Dalgarno [1] is chosen. 
An uncertainty of less than 10 percent is indicated from the graphical comparison of this value 
with the other material for the same transition within the isoelectronic sequence. Data for the other 
listed transitions have been obtained from the Coulomb approximation. Plots of the dependence 
of /-value on nuclear charge for all these transitions have been made and show that this material 
connects up very smoothly with the data for the lower ions as well as with the hydrogenic value 
for infinite nuclear charge. Based on this impressive agreement, accuracies of 10 percent (or 25 
percent for some of the smaller values) are indicated. 

Reference 

|1| Cohen, M.. and Dal(jarn.>. A.. Pn.c. Roy. Snc. London A280, 258-270 (1964). 
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Na IX.   Allowed Transitions 

No. Transition 
Array 

Multiplet MÄ) EitcirrM ffrlcrrr1) tit ft 4*.(10" 
sec"1) 

fa .S'lat.u.) l»g«/ Accu- 
racy 

Source 

1 2s-2p lS_ipo 685.85 0 145805 2 6 6.59 0.140 0.630 -0.553 B 1 

[681.721 0 146688 2 4 6.71 0.0936 0.420 -0.728 B h 
[69126] 0 144038 2 2 6.36 0.0459 0.210 -1.037 B Is 

2 2*-3p *S — *P* 70.628 0 1415876 2 6 1380 0.310 0.144 -0.208 B ca 

[70.6151 0 1416130 2 4 1380 0.206 0.0960 -0.385 B Is 
[70.653J 0 1415368 2 2 1380 0.103 0.0480 -0.686 B Is 

3 2s-4p •S-'P" [53.860] 0 1856665 2 6 630 0.082 0.0292 -0.79 C + ca 

4 2p--3* *P°-«S 81.292 145805 1375944 6 2 705 0.0233 0.0374 -0.854 B ca 

[81.350] 146688 1375944 4 2 470 0.0233 0.0250 -1.031 B Is 
[81.175] 144038 1375944 2 2 236 0.0234 0.0125 -1.330 B Is 

5 2p-4s tpo„2S 59.013 145805 1840336 6 2 276 0.00480 0.0056 -1.54 C ca 

[59.044.] 146688 1840336 4 2 184 0.00480 0.00373 -1.72 C Is 
[58.952] 144038 1840336 2 2 92 0.00482 0.00187 -2.016 C Is 

6 2p-3d «P9-«D 77.819 145805 1430114 6 10 4430 0.670 1.03 0.604 B ca 

[77.911] 146688 1430204 4 6 4410 0.602 0.618 0.382 B Is 
[77.764] 144038 1429980 i 4 3690 0.670 0.343 0.127 B Is 
[77.925] 146688 1429980 4 4 735 0.0670 0.0687 -0.572 B Is 

7 2p~4d *p°_»D 58.254 145805 1862432 6 10 1620 0.137 0.158 -0.085 C + ca 

[58.279] 146688 1862572 4 6 1620 0.124 0.095 -0.305 c + Is 
[58.201] 144038 1862222 2 4 1360 0.138 0.053 -0.56 c+ Is 
[58.291] 146688 1862222 4 4 267 0.0137 0.0105 -1.261 c + Is 

8 35- *S—2P° 2503.5 1375944 1415876 2 6 0.822 0.232 3.82 -0.333 B ca 

[2487.7] 1375944 1416130 2 4 0.839 0.156 2.55 -0.506 B Is 
[2535.8] 1375944 1415368 2 2 0.789 0.0761 1.27 -0.818 B Is 

9 3a-4p »S-'P° [208.02] 1375944 1856665 2 6 171 0.334 0.457 -0.175 C + ca 

10 3p-3d *p°_'D 7021.5 1415876 1430114 6 10 0.0295 0.0363 5.04 -0.662 B ca 

7103.4] 1416130 1430204 4 6 0.0285 0.0323 3.02 -0.889 B Is 
6841.8] 1415368 1429980 2 4 0.0266 0.0373 1.68 -1.127 B Is 
7218.2] 1416130 1429980 4 4 0.00453 0.00353 0.336 -1.850 B Is 

11 3p-4d «P°-*D 223.94 1415876 1862432 6 10 456 0.57 2.53 0.53 C + ca 

[223.99] 1416130 1862572 4 6 457 0.51 1.52 0.310 C + Is 
[223.79] 1415368 1862222 2 4 380 0.57 0.84 0.057 c+ Is 
[224.17] 1416130 1862222 4 4 76 0.057 0.169 -0.64 c+ Is 
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MAGNESIUM 

Mg I 

Ground State 

Ionization Potential 

\#2*2ifi& 'S,, 

7.644 eV = 61669.14 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No, Wavelength [A] No. Wavelength [A] No. 

2025.82 4 3096.89 9 5528.40 10 
2736.54 15 3329.92 11 7657.8 24 
2776.69 3 3332.15 11 8806.76 6 
2778.27 3 3336.67 11 8923.57 25 
2779.83 3 3829.35 5 9255.78 19 

2781,42 3 3832.30 5 9414.96 21 
2782.97 3 3838.29 5 10811.1 20 
2846.72 12 4351.91 16 10953.3 26 
2848.34 12 4562.48 1 10957.3 26 
2851.66 12 4571.10 1 10965.5 26 

2852.13 2 4575.3 1 11828.2 8 
2936.74 14 4702.99 13 12083.7 17 
2938.47 14 5167.32 7 14877.6 18 
2942.00 14 5172.68 7 15031 22 
3091.07 9 5183.60 7 17108.7 23 

3092.98 9 

For the intercombination line 3ä
2
 'SO—3s3p:,P{\ Boldt's [2] absorption tube measurement is 

averaged with Garstang's [1] theoretical result. The latter has been renormalized by using the 
/value for the resonance line listed in this table. Garstang [1] has also calculated values for the 
iwo intercombination lines '&?? 'S» — 3s3/>3Po.2, which arise by the interaction of the nuclear mo- 
ments with the electrons. These values have also been renormalized in the same manner as above. 
In the case of the J = 0 to J = 2 transition, magnetic quadrupole radiation constitutes an important 
contribution to the total transition probability. (See Mg I — Forbidden Lines; see also the General 
Introduction for adding transition probabilities of various types of radiation.) It should be noted 
that the listed values for the nuclear-spin-induced transitions are for the isotope Mg'-'*; for natural 
magnesium, the relative isotopic abundances must be taken into account. 

From the extensive material on the resonance line we have selected the results of Lurio [3] 
(lifetime measurement via Hanle-effeet), Smith and Gallagher [4] (same method) and Weiss [5] 
(Hartree-Fcck calculations in the dipole length approximation, with superposition of configura- 
tions). The average of the three values, which agree within 5 percent, has been adopted. 

For the other lines, we have made use of three theoretical investigations and two experiments. 
The calculations by Weiss [5], Zare [7], and Trefftz [9] all employ the self-consistent field approach. 
They differ insofar as Weiss uses Hartree-Fock functions and superimposes many possible con- 
figurations; Zare also includes configuration mixing, but starts with the simpler, less accurate 
Hartree-Fock-Slater wavefunctions; and Trefftz uses Hartree-Fock wavefuuetions but takes con- 
figuration mixing only partially into account. Weiss' approach must be considered as the most 
comprehensive one; thus we have used his values —averaged with experiment —in preference 
over the others and, when not available, have chosen Zare's results over those of Trefftz. Normally 
the three methods agree within 15 percent. Exceptions are transitions which involve the 3s3p 'P° 
state, where Zare's values are much larger than those of the other two authors. However, for two 
lines originating from this state where the experimental values of Kerslen and Ornstein [8] are 
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available, Zare agrees better with the measurements than Trefftz, and the average of the experi- 
ment and Zare's result has been adopted. 

^he two experiments mentioned above are the anomalous dispersion measurements of Penkin 
and Shabanova [6] and emission intensity measurements of Kersten, and Omsteiit [8] with a 
low-current, free-burning are. Both experiments yield relative /-values, which have been nor- 
malized by a least-squares fit to Weiss' theoretical results. The values of Penkin and Shabanova 
differ by ro more than 15 percent from Weiss' results, which speaks for the reliability of the two 
methods. Therefore, averages from the tw'o methods have been used when they overlap. The 
measurements of Kersten and Ornstein show a much larger scatter. Thus their results are only 
sparingly used. 
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Mg I.   Allowed Transitions 

No. Transition Multiple! xi A» ßi(cnr') E*(cm-') m «k 4*i(10" fa .S(at.u.) Wxf Accu- Source 
Array sec"1) racy 

1 3s*- 'S-:,P° 
3s(!S)3p (1) »4562.48 0 21911 1 5 2.2X10-'2 3.5x10-'* 5.3X10" -11.46 D- In 

4571.10 0 21870 1 3 4.3 x 10" 4.0X10« 6.1X10 "' -5.40 D In, 2 
»(4575.31 0 21850 1 1 5.8 XHV'2 1.8X10-'* 2.8X10 " -11.74 D- In 

2 'S-'P° 
(1 uv) 

2852.13 0 35051 1 3 4.95 1.81 17.0 0.258 B 3,4,5 

3 3*3p-3p2 ,po_3p 

(6 uv) 
2779.9 2/89/ .578.« 9 9 5.2 0.61 50 0.74 C + 5. 6n 

2779.83 21911 57874 5 5 3.92 0.455 20.8 0.357 c + /s 
2779.83 21870 57833 3 3 1.31 0.152 4.17 -0.341 c: U 
2782.97 21911 57833 5 3 2.16 0.151 6.9 -0.122 c is 
2781.42 21870 57813 3 1 5.3 0.204 5.6 -0.213 c Is 
2776.69 21870 57874 3 5 1.31 0.252 6.9 -0.121 c Is 
2778.27 21850 57833 1 3 1.76 0.61 5.6 -0.215 c Is 

4 3s'- 
3s(2S)4/> 

i S —' P° 
(2 uv) 

2025.82 0 49347 1 3 1.2 0.22 1.5 -0.66 D 7 

5 3s3p- 
3s(2S)3d 

4»«_:iD 
13) 

.WSJ 2/89/ 47957 9 15 1.68 0.619 70.3 0.746 B 5. 6n 

3838.29 21911 47957 5 7 1.68 0.519 32.8 0.414 B Is 
3&32.30 21870 47957 3 5 1.27 0.465 17.6 0.145 B Is 
3829.35 21850 47957 1 3 0.940 0.620 7.82 -0.208 B Is 
3838.29 21911 47957 5 5 0.420 0.0928 5.86 -0.333 B Is 
3832.30 21870 47957 3 3 0.703 0.155 5.86 -0.333 B Is 
3838.29 21911 47957 5 3 0.047 0.0062 0.39 -1.51 D Is 

6 ||>°_>D 
(7) 

CH06.76 35051 46403 3 5 0.14 0.28 24 -0.08 I) 5 

7 3s3p — 
3si'S)4ä 

:tpo_:ig 

(2) ' 
.5/78.» 2/89/ 41197 9 3 1.04 0.139 21.3 0.097 B 5.6n 

5183.60 21911 41197 5 3 0.575 0.139 11.9 -0.158 B Is 
5172.68 21870 41197 3 3 0.346 0.139 7.10 -0.380 B Is 
5167.32 21850 41197 1 3 0.116 0.139 2.36 - 0.857 B Is 
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Mg i. Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! A(A) fi(cm-') £*(cm-' 

3 

Kk 
sec"1) 

A S(at.u.) log«/" Accu 
racy 

• Source 

8 'P°-'S 
(6) 

11828.2 35051 43503 1 0.26 0.18 21 -0.27 D 5 

9 'SsZp — 
35(2S)4rf 

.ipo_:,Q 

<5) 
:ms.o 
3096.89 
3092.98 
3091.07 
3096.89 
3092.98 
3096.89 

21891 

21911 
21870 
21850 
21911 
21870 
21911 

54192 

54192 
54192 
54192 
54192 
54192 
54192 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

0.56 

0.56 
0.420 
0.313 
0.139 
0.233 
0.016 

0.134 

0.112 
0.101 
0.135 
0.0200 
0.0334 
0.0013 

12.3 

5.7 
3.07 
1.37 
1.02 
1.02 
0.068 

0.081 

-0.252 
-0.52 
-0.87 
-1.000 
-1.000 
-2.18 

C 

C 
c 
c 
c 
c 
E 

6n, 7 

It 
Is 
Is 
Is 
Is 
Is 

10 «P°-'D 
(9) 

5528.40 35051 53135 3 5 0.14 0.11 6.0 -0.48 D- 7,8« 

11 3s3p — 
3s<sS)5s 

3p°_3§ 
(4) 

1334.5 

3336.67 
3332.15 
3329.92 

21891 

21911 
21870 
21850 

51872 

51872 
51872 
51872 

9 

5 
3 
1 

3 

3 
3 
3 

0.31 

0.17 
0.10 
0.034 

0.017 

0.017 
0.017 
0.017 

1.7 

0.93 
0.56 
0.19 

-0.82 

-1.07 
-1.29 
-1.77 

D 

D 
D 
D 

8n 

Is 
Is 
Is 

12 3s3p— 
3s(2S)5rf 

3p°_3D 
(5uv) 

28.50.6 

2851.66 
2848.34 
2846.72 
2851.66 
2848.34 
2851.66 

21891 

21911 
21870 
21850 
21911 
21870 
21911 

56968 

56968 
56968 
56968 
56968 
56968 
56968 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

0.27 

0.27 
0.21 
0.15 
0.068 
0.11 
0.0076 

0.055 

0.047 
0.043 
0.055 
0.0083 
0.014 
5.5 X 10« 

4.7 

2.2 
1.2 
0.52 
0.39 
0.39 
0.026 

-0.31 

-0.63 
-0.89 
-1.26 
-1.38 
-1.38 
-2.56 

D- 

D- 
D- 
D- 
D- 
D- 
E 

7,8« 

Is 
Is 
Is 
Is 
Is 
Is 

13 •P°-iD 
(11) 

4702.99 35051 56308 3 5 0.16 0.088 4.1 -0.58 D- 7,8« 

14 3s3p— 
3i(2SXw 

*P" _ 9S 
(3 uv) 

■2940.2 

2942.00 
2938.47 
2936.74 

21891 

21911 
21870 
21850 

55892 

55892 
55892 
55892 

9 

5 
3 
1 

3 

3 
3 
3 

0.16 

0.086 
0.052 
0.017 

0.0067 

0.0067 
0.0067 
0.0067 

0.58 

0.32 
0.19 
0.065 

-1.22 

-1.47 
-1.70 
-2.17 

D- 

D- 
D- 
D- 

8« 

Is 
Is 
Is 

15 Si3/>- 
3s(2S)6rf 

:ip°_:.[) 
(9 uv) 

2736.54 21911 58443 5 7 0.207 0.0326 1.47 -0.79 C 6« 

16 'P°.-'D 
(14) 

4351.91 35051 58023 3 5 0.21 0.10 4.3 -0.52 D- 8« 

17 3s3d- 
3*<2S)4/ 

'D-'F° 
(26) 

12083.7 46403 54676 5 7 0.170 0.52 103 0.415 C 9 

18 iD-'F° 14877.6 47>S7 54677 15 21 0.105 0.487 358 C.86 C 9 

19 3s3rf- 
3*<2S)5/ 

'D-'F° 
(27) 

9255.78 46403 57204 5 7 0.089 0.16 24 -0.09 C 9 

20 
(37) 

10811 1 47957 57204 15 21 0.0452 0.111 59 0.221 C 9 

21 
3st«S)6/ 

:iD--'F° 
(38) 

9414.% 47957 58576 15 21 0.022 0.041 19 -021 C 9 

22 3s4s — 
3s(*SHp 

•i^_.:ipo mo:n 41197 47848 3 9 0.139 1.41 209 0.63 C + 7 

23 ■S-'P8 17108.7 43503 49347 1 3 0.094 1.24 70 0.093 C 7 

24 3j4i- 
3s(JS)5/> 

:iS_:.po 

(22) 
76.57.« 41197 .542.52 3 9 0.0148 0.0390 2.95 -0.93 C- 9 

25 'S-'P0 

(25) 
8923.57 43503 54707 1 3 0.011 0.040 1.2 -1.40 D- ca 

508-022 0-69—5 27 



Mgl. Allowed Transitions — Continued 

No Transition 
Array 

Multiplet MA) £i(cm-') £*<cm-') « to /W10" 
sec-1) 

/«■ S(at.u.) Ion«/" Accu- 
racy 

Source 

26 3*4p-       1 »P°-'D 
3s(lS)5d       (35) 

/0962 47848 56968 9 15 0.044 0.13 43 0.08 D ca 

10%5.5 47851 56968 5 7 0.044 0.11 20 -0.25 D Is 
10957.3 47844 56968 3 5 0.033 0.10 11 -0.52 D Is 
10953.3 47841 56968 1 3 0.025 0.13 4.8 -0.88 D- Is 
10965.5 47851 56968 5 5 0.011 0.020 3.6 -1.00 D- Is 
10957.3 47844 56968 3 3 0.018 0.033 36 -1.00 D- Is 
10965.5 47851 56968 5 3 0.0012 0.0013 0.24 -2.18 E Is 

" See introduction. 

Mgi 

Forbidden Transitions 

The transition probability for that part of the 3s2 'So—3A'3/>:,P2 tranakion which is magnetic 
quadrupole radiation (m.q.) is taken from calculations of (larstanji [1]. Following a private com- 
munication by him, we have renormalized his published value (For the addition of transition 
probabilities arising from various types of radiation, see the General Introduction: also, for the 
relation of AM (m.q.) to other quantities, see [1].) The data for the :,P° — :,PC and :,P°— 'P° magnetic 
dipole transitions are from Naqvi's calculations [2]. The results for the :!P°—:,P° transitions are 
essentially indpendent of the choice of interaction parameters and therefore more accurate than 
those for 3P°— 'P°. For the latter transitions, Naqvi uses empirical term intervals, i.e., the effects 
of configuration interaction should be partially included. For three 3s3/>—3s4/> electric quadrupole 
lines, transition probabilities have been calculated by Müller [3], which are consistent with 
experimental observations. 

References 

[1] Garstang, R. H., Astrophys. J. 148, 579-584 (1967) and private communica>ion (1067). 
[2] Naqvi, A. M.. Thesis Harvard (1951). 
[3] Möller. N. H.. Arkiv for Fysik 29, 353-358 (1966). 

Mgi. Forbidden Transitions 

No. 
Transition 

Array Multiplet MA) E,(cm-') £;.(cm-') Hi 8k 
Type of 
Transi- 

tion 
Aki(sec-1) S(at.u.) 

Accu- 
racy Source 

1 3S*-3S(*S)3/J 'S-:,P° 

4562.48 0.000 21911.2 1 5 m.q. 2.8 X10-' E 1M 

2 3$S( -fc^Stf/j :ip°_:ip> 

[49.839 X 10»] 
[24.555 X 10>] 

21850.4 
21870.5 

21870.5 
21911.2 

1 
3 

3 
5 

m 
m 

1.45X10 7 

9.11x10 ' 
2.00 
2.50 

A 
A 

2 
2 

3 :ip°_ip» 

7573.2] 
7584.7] 
7608.2] 

21850.4 
21870.5 
21911.2 

35051.3 
35051.3 
35051.3 

I 
3 
5 

3 
3 
3 

m 
m 
m 

1.10X 10" 
0.0050 
1.35 x KV 

5.3X10 " 
2.45X10 ' 
6.6X10 K 

<: 
<; 
c 

2 
2 
2 

4 3s3p-3s(2S)4/) :ipo_:tp» 

3854.97 
3853,96 
3848 91 

21911.2 
21911.2 
21870.5 

47844.4 
47a51.2 
47844.4 

5 
5 
3 

3 
5 
3 

e 

e 

53 
25 
18 

81 
63 
27 

D 
D 
D 

3 
3 
3 

L 



i 

Mg II 

Ground State 

Ionization Potential 

h22s;i2p«3s ^S./s 

15.03 eV= 121267.41 cm"1 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [Ä] No. Wavelength [A] No. 

1026.0 3 3538.8 17 4481.2 7 
1239.9 2 3538.81 17 5264.3 22 
1240.4 2 3549.52 18 6346.8 21 
2660.3 10 3553.37 18 7877.05 13 
2790.77 4 3613.78 12 7896.37 13 

2795.53 1 3615.58 12 7896.4 13 
2797.99 4 3848.2 8 8213.99 14 
2798.0 4 3848.21 8 8234.64 14 
2802.70 1 3850.39 8 9218.25 11 
2928.63 5 4384.64 15 9244.27 11 

2936.51 5 4390.56 15 9632.2 20 
3104.8 9 4390.6 15 10914.2 6 
3172.71 19 4427.99 16 10915.3 6 
3175.78 19 4433.99 16 10951.8 6 
3534.97 17 

The adopted value for the resonance line is an average of self-consistent field calculations 
including polarization and exchange effects, by Biermann and Lübeck [1], calculations employing 
a scaled Thomas-Fermi potential by Stewart and Rotenberg [2], and a lifetime experiment utilizing 
the Hanle effect by Smith and Gallagher f3J. The results of the three methods agree within a few 
percent. The other transitions covered by Biermann and Lübeck (3/> — id and 3d—4/) should also 
be quite accurate, i.e.. within 10 percent. Less refined self-consistent field calculations (including 
exchange but neglecting polarization) have been undertaken for several other multiplets by Chap- 
man. Clarke and Aller [4]. In the remaining two transitions treated by Stewart and Rotenberg 
U —4/> and 3s —5/;) and in all transitiors involving the 5p state there appear to be considerable 
cancellation effects in the transition integral. Hence, accuracy ratings of "D" or "E" have been 
assigned to these transitions. 

For Mgll, a member of the sodium isoelectronic sequence, it is possible to utilise extensively 
the dependence of oscillator strengths on nuclear charge for the intercomparison of analogous 
transitions. Thus, the degree of fit of '.he individual/-values into the systematic trends has served 
as one of the decisive factors for the choice of accuracy assignments. 

References 

|1] Biermann. I.   and Lübeck, K„ Z. Astropuys. 25, 325-339 (1948). 
[2) Stewart. J. C . and Rutenberic. M., Phys Rev. 140, 1508A-1519A (1965). 
[3| Smith, W. W . and Callaither, A.. Phys. Rev. 145, 26-35 (1966). 
|4| Chapman. R. I).. Clarke, W. H.. and Al er, L H.. Astrophys. J. 144, 376-380(1966). 
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Mg II.    Allowed Transitions 

No, Transition 
Array 

Multiplet MA) £i(cm-') £*(CT--') fit Kk Akl{W 
sec-1) 

flk S(at.u.) loB«/" Accu- 
racy 

Source 

1 3i-3p ,g_,po 

(1 uv) 
2797.9 

27v >.53 
2802.70 

0 

0 
0 

35730 

35761 
35669 

2 

2 
2 

6 

4 
2 

2.67 

2.68 
2.66 

0.940 

0.627 
0.313 

17.3 

11.5 
5.78 

0.274 

0.098 
-0.203 

B + 

B + 
B + 

1.2.3 

Is 
Is 

2 3j-4p »S-»P° 1240.1 0 80640 2 6 0.0033 2.3 X 10"4 0.0019 -3.34 E 2 

[1239.9] 
11240.4] 

0 
0 

80650 
80620 

2 
2 

4 
2 

0.0033 
0.0033 

1.5 X10-4 

7.7X10-' 
0.0012 
6.3 X10"4 

-3.52 
-3.81 

E 
E 

Is 
Is 

3 3*-5p »S-*P° 1026.0 0 97464 2 6 0.0021 0.0010 0.0068 -2.70 D 2 

4 3p-3d *P°_»D 
(3uv) 

2795.5 

2797.99 
2790.77 

[2798.0] 

35730 

3S761 
35669 
35761 

71491 

71491 
71491 
71491 

6 

4 
2 
4 

10 

6 
4 
4 

4.71 

4.70 
3.94 
0.783 

0.920 

0.828 
0.920' 
0.0919 

50.8 

30.5 
16.9 
3.39 

0.742 

0.520 
0.265 

-0.435 

B 

B 
B 
B 

1 

Is 
Is 
Is 

5 3p-4s »p°_»S 
(2 uv) 

2933.8 

2936.51 
2928.63 

35730 

35761 
35669 

69P05 

69805 
69805 

6 

4 
2 

2 

2 
2 

3.23 

2.15 
1.07 

0.139 

0.139 
0.138 

8.1 

5.4 
2.66 

-0.079 

-0.255 
-0.56 

C + 

c+ 
c+ 

ca 

Is 
Is 

6 3d-4p «D-*P° 
(3) 

10926 71491 80640 10 . 6 0.166 0.178 64 0.250 c ca 

10914.2 
10951.8 
10915.3 

71491 
71491 
71491 

80650 
80620 
80650 

6 
4 
4 

4 
2 
4 

0.150 
0.166 
0.0162 

0.178 
0.149 
0.0290 

38.4 
21.5 
4.17 

0.029 
-0.225 
-0.94 

c 
c 
c 

Is 
Is 
Is 

7 3<f-4/ «D-lF° 
(4) 

4481.2 71491 93800 10 14 2.25 0.950 140 0.978 B 1 

8 3d-5p »D-'P0 

(5) 
3849.1 71491 97464 10 6 0.035 0.0047 0.60 -1.33 D 4 

3848.21 
3850.39 

[3848.2] 

71491 
71491 
71491 

97469 
97455 
97469 

6 
4 
4 

4 
2 
4 

0.032 
0.035 
0.0035 

0.0047 
0.0039 
7.8 X104 

0.36 
0.20 
0.039 

-1.55 
-1.81 
-2.51 

D 
D 
D 

Is 
Is 
is 

9 3d-5/ »D-»F° 
(6) 

3104.8 71491 103690 10 14 0.81 0.164 16.8 0.215 C ca 

10 3d~6f »P      2p 
4 uv) 

2660,8 71491 109062 10 14 0.38 0.057 5.0 -0.24 D ca 

11 4i—4p is_ip. 
(1) 

9226.0 69805 80640 2 6 0.358 1.37 83 0.438 C + ca 

9218.25 
9244.27 

69805 
69805 

80650 
80620 

2 
2 

4 
2 

0.359 
0.356 

0.91 
0.456 

55 
27.8 

0.262 
-0.040 

c+ 
c+ 

Is 
Is 

12 4*-5p »S-M*0 

(2) 
3614.4 69805 97464 2 6 0.0017 0.0010 0.024 -2.70 E 4 

3613.78 
3615.58 

69805 
69805 

97469 
97455 

2 
2 

4 
2 

0.0018 
0.0017 

6.9 X10-4 

3.4 X10-4 
0.016 
0.0081 

-2.86 
-3.17 

E 
E 

Is 
Is 

13 \p-\d «P°_»D 
(8) 

7889.9 80640 93311 6 10 0.79 1.23 192 0.87 C-H ca 

7896.37 
7877.05 

[7896.4] 

80650 
80620 
80650 

93311 
93311 
93311 

4 
2 
4 

6 
4 
4 

0.79 
0.66 
0.133 

1.11 
1.23 
0.124 

115 
64 
12.9 

0.65 
0.391 

-0.305 

c + 
<:+ 
c+ 

Is 
Is 
Is 

14 4p-5s «P'-'S 
(7) 

8231.6 80640 92791 6 2 0.78 0.264 42.9 0.200 c+ ca 

8234.64 
8213.99 

80650 
80620 

92791 
92791 

4 
2 

2 
2 

0.52 
0.260 

0.264 
0.263 

28.6 
14.2 

0.024 
-0.279 

c+ 
<: + 

Is 
Is 
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Mgii. Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! x(A) £,(cm-') £*(cm-') fti file -4*1(10" 
sec"') 

/•* S(at.u.) Wtf Accu- 
racy 

Source 

15 4p-5rf *P°-*D «88.6 80640 103420 6 10 0.17 0.081 7.0 -0.31 D i 

(10) 
4390.56 80650 103420 4 6 0.17 0.074 4.3 -0.53 D Is 
«84.64 80620 103420 2 4 0.14 0.083 2.4 -0.78 D Is 

[A3W.6] 80650 103420 4 4 0.017 0.0050 0.29 -1.70 D h 

16 4p—bs 8p0_lS 4432.0 80640 103197 6 2 0.321 0.0315 2.76 -0.72 C + 4 
(9) 

4433.99 80650 103197 4 2 0.214 0.0315 1.84 -0.90 C + Is 
4427.99 80620 103197 2 2 0.107 0.0315 0.92 — 1.20! c+ Is 

17 4p-6d 2po_8D 

(12) 
3537.6 80640 108900 6 10 0.059 0.019 1.3 -0.95 D ca 

3538.81 80650 108900 4 6 0.059 0.017 0.77 -1.18 D Is 
3534.97 80620 108900 2 4 0.050 0.019 0.43 -1.43 D Is 

[3533.8] 80650 108900 4 4 0.0098 0.0018 0.086 -2.13 Ü Is 

18 4p —7s 
(11) 

3552.1 80640 108784 6 2 0.162 0.0102 0.72 -1.213 C ca 

3553.37 80650 108784 4 2 0.108 0.0102 0.477 -1.390 C Is 
3549.52 80620 108784 2 2 0.054 0.0102 0.238 -1.69 C Is 

19 4p-8s 2po_2S 

(13) 
3174.8 80640 112129 6 2 0.097 0.00490 0.307 -1.53 C ca 

3175.78 80650 112129 4 2 0.065 0.00489 0.205 -1.71 C Is 
3172.71 80620 112129 2 2 0.0325 0.00490 0.102 -2.009 C Is 

20 4rf-5/ 
(15) 

9632.2 93311 103690 10 14 0.413 0.80 255 0.91 C ca 

21 4</-6/ 2D — 2F° 
(16) 

6346.8 93311 109062 10 14 0.216 0.183 38.2 0.263 C ca 

2': id-7f 
(17) 

52f >'J 93311 112301 10 14 0.125 0.073 12.6 -0.139 C ca 

Ground State 
Mg HI 

ls*2s*2pf> 'S,, 

Ionizatior* Potential 80.12 eV=646364 cm 

Allowed Transitions 

Calculations by Kästner, Omidvar. arid Underwood [1], employing Hartree-Fock wavefunc- 
tions and including intermediate coupling, are available. Since the calculations are based on a 
single-configuration approximation only, uncertainties of up to 50 percent are expected for the 
strong lines and even higher uncertainties for the weak lines, the latter being more affected by 
assumptions about the coupling. 

Reference 

[1] Kastner. S. O.. Omidvar. K., and Underwood, J. H., Aslrophys. J. 148, 269-273 <!%?). 
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Mg III.   Allowed Transitions 

No. Transition 
Array 

Multiplet x(A) E,(cm->) £*(cm-') #t ft /M10" 
SCt'"') 

fit S(at.u.) log«/" Accu- 
racy 

Source 

1 2p"-2p»<sPJ/2)3* 'S-:,P° 
(1 uv) 

234.258 0 426877 1 3 4.5 0.011 0.0085 -1.96 E 1 

2 2p*-2pVni)& 'S-'P° 
(2 uv) 

231.730 0 431539 1 3 87 0.21 0.16 -0.68 D 1 

3 2p"-2p»(*PJ,2)3d iS_:ipo 
[188.53] 0 530430 1 3 2.5 0.0040 0.0025 -2.40 E 1 

4 2p«-2p»0,P:W3d 'S—'P° 
(3uv) 

187.194 0 534204 1 3 100 0.16 0.099 -0.80 D 1 

5 2p«-2pVP?«)3d 'S-:,D° 
(4uv) 186.510 0 5361S7 1 3 170 0.27 0.17 -0.57 D 1 

Ground State 

Ionization Potential 

Mgiv 

Allowed Transitions 
List of tabulated lines: 

109.29 eV = 881759 cm-' 

Wavelength [Ä] No. Wavelength [k\ No. Wavelength [A| No. 

321.00 1 1459.6 4 1698.9 3 
323.31 1 1490.4 4 1703.4 3 

1230.3 5 1508.8 4 1874.6 2 
1238.7 5 1525.2 7 1893.9 2 
1245.2 5 1548.1 7 1906.7 2 

1246.6 5 1641.0 3 1925.7 2 
1253.7 5 1658.9 3 1936.9 2 
1363.4 6 1680.0 3 1946.2 2 
1375.4 6 1683.0 3 1956.6 2 

The value for the 2s22ps *P° —2i2/>* 2S multiplet is calculated from the nuclear charge-expar.- 
sion method of Cohen and Dalgarno [1]. It may be quite uncertain since configuration interaction 
effects with configurations involving electrons of the n = 3 shell, which were not included in this 
calculation, may be significant. Inasmuch as no other material is available, the Coulomb approxima- 
tion has been used for a number of 3s—$p and 3p — 3d transitions, where for atomic systems of 
similar complexity it has given fairly reliable values. 

Reference 

|1J Cohen. M.. and Dalgarno. A., Proc. Roy. Soc. London A280, 258-270 (1964). 
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Mgiv .   Allowed Transitions 

No. Transition 
Array 

Multiple! x(A) £i(cm-') £*(cm-') ft Zk 
sec"') 

fa S(at.u.) log«/" Accu- 
racy 

Source 

1 2s*2p*-2s2pH 2P°~*s 321.77 742 311527 6 2 260 0.14 0.86 -0.08 D 1 

[321.00] 0 311527 4 2 170 0.13 0.57 -0.28 D Is 
[323.31] 2226 311527 2 2 87 0.14 0.29 -0.55 D Is 

2 2p*3s- 
2pW)ip 

jp_jpo 1911.5 544572 .596086 12 12 3.9 0.21 16 0.40 D ca 

1*93.9 543727 596527 6 6 2.8 0.15 5.6 -0.05 D Is 
1925.7 545144 597072 4 4 0.50 0.028 0.71 -0.95 ** Is 
1936.9 545962 S97590 2 2 0.61 0.035 0.44 -1.15 £ Is 
1874.6 543727 597072 6 4 1.8 0.065 2.4 -0.41 D- Is 
1906.7 545144 597590 4 2 3.2 0.088 2.2 -0.45 D- Is 
1946.2 545144 596527 4 6 1.1 0.094 2.4 -0.42 D- Is 
1956.6 545962 597072 2 4 1.5 0.17 2.2 -0.47 D- Is 

3 n'-4D° 

[1683.0] 543727 603143 6 8 5.8 0.33 11 0.30 D ca. Is 
[1698.9] 545144 604007 4 6 3.9 0.25 5.7 0.00 D ca. Is 
[1703.4] 545962 604667 2 4 2.4 0.21 2.3 -0.38 D- ca. Is 
[1658.9] 543727 604007 6 6 1.8 0.073 2.4 -0.36 D- ca. Is 
[1680.0] 545144 604667 4 4 3.1 0.13 2.9 -0.28 L- ca. Is 
[1641.0] 543727 604667 6 4 0.31 0.0083 0.27 -1.30 E ra. Is 

4 4P-^S° 1477.8 .544.572 612240 12 4 8.6 0.094 5.5 0.05 D ca 

[1459.6] 543727 612240 6 4 4.6 0.097 2.8 -0.24 D Is 
[1490.4] 545144 612240 4 4 2.8 0.092 1.8 -0.43 D Is 
[1508.8] 545962 612240 2 4 1.4 0.093 0.92 -0.73 D Is 

5 2/<43/'- 
2P«<»P)3<i 

4po_4p 

1245.2] 596527 676837 6 6 5.9 0.14 3.4 -0.08 D ca, Is 
1238.7] 597072 677805 4 4 1.1 0.026 0.43 - 0.98 E ca. Is 
1230.3] 596527 677805 6 4 4.1 0.062 1.5 -0.43 D- ca, Is 
1253.7] 597072 676837 4 6 2.6 0.091 1.5 -0.44 D- ca, h 
1246.6] 597590 677805 2 4 3.4 0.16 1.3 -0.49 D- ca, Is 

6 4D°-4F 

11375.4] 604667 677355 4 4 4.5 0.13 2.3 -0.28 D ca. Is 
[1363.4] 604007 677355 6 4 0.32 0.0059 0.16 -1.45 E ca. Is 

7 4S0_4p 

[1548.1] 612240 67683? 4 6 6.4 0.34 7.0 0.13 D ca. Is 
[1525.2] 612240 677805 4 4 6.7 0.23 4.7 -0.04 D ca. Is 

Mgiv 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

|l| Naqvi. A. M.. Thesis Harvard (1951). 
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Mg IV.   Forbidden Transitions 

No. 
Transition 

Array Multiple! MA) £i(cm-') £*(cm-') (Ci Ät 

Type of 
Transi- 

tion 
/**i(sec-') S(at.u.) 

Accu- 
racy Source 

1 2p5-2p* sp°_»p° 

[44911] 0 2226 4 2 m 0.198 1.33 A 1 

Ground State 

lonization Potential 

Mgv 

Allowed Transitions 
141.23 eV= 1139421 cm-1 

The values are calculated from the change-expansion method of Cohen and Dalparno [1] 
which includes limited configuration mixi' g. An additional value for the 'S—'P0 transition is 
available from the calculations of Bolotin, Shironas, and Braiman [2], which also include limited 
configuration interaction. For this latter transition, the two methods agree fairly well and the 
results are averaged. In general, uncertain.ies should be within 50 percent. 

References 

[1] Cohen, M., and Dalgam», A.. Proc. Roy. Soc. London A280, 258-270 (1964). 
[2] Bolotin, A. B., Shirot aa, i. I., and Braiman, M. Yu., Vilniaus. Valstybinio v. Kapsukn vardo universitetn Mokslo Darbai 

33. matematika fizika 9, 107-112 (I960). 

Mg V.   Allowed Transitions 

No. Transition 
Array 

Multiple! MÄ) £i(cm'') £*(cm-') m ft /M10" 
sec"') 

f« .S(at.u.) log«/" Accu- 
racy 

Source 

1 2*^-252^ :>p_.ip° 353.16 873 284027 9 9 120 0.22 2.3 0.30 D 1 

[353.09] 
353.30] 
351.09] 
352.20] 
355.33] 
354.22] 

Ö 
1780 

0 
1780 
1780 
2519 

283211 
234827 
284827 
285708 
283211 
284327 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

88 
29 
50 

120 
29 
40 

0.17 
0.054 
0.055 
O.O'S 
0.091 
0.22 

0.96 
0.19 
0.32 
0.26 
0.32 
0.26 

-0.07 
-0.79 
-0.60 
-0.65 
-0.56 
-0.66 

D 
D- 
D- 
D- 
D- 
D- 

U 
Is 
Is 
Is 
Is 
Is 

2 "D-'P0 [276.58] [36348] [397906] 5 3 200 0.14 0.64 -0.15 Ü 1 

3 'S-'P° [312.31) [77712] [397906] 1 3 27 0.12 0.12 -0.92 D 1.2 

Mgv 

Forbidden Transitions 

■; 

As in the case of Na IV the adopted values are taken from Naqvi [1], and Malville and Berger [2]. 
For a discussion on the selection of values see Na IV, since the same considerations have been 
applied. 
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[1J Naqvi, A. M., Thesis Harvard (1951). 
(2) Malville, J. M., and Berber, R. A., Planetary and Space Science 13, 113; (1965). 

MgV. Forbidden Transitions 

I   s 

No 
Transition 

Array Mu.tiplet X(A) £,(cm-') £*(cm-') gt gk 
Type of 
Transi- 

tion 
^«(see-1) S(at.u.) 

Accu- 
racy Source 

1 2/r'-2/>" 3p_sp 

56164 
56164 
39687 
13.53: <10«] 

0 
0 
0 

1780 

1780 
1780 
2519 
2519 

5 
5 
5 
3 

3 
3 
1 
1 

e 
m 
e 

m 

1.16X10-7 

0.127 
8.8 xHH 
0.0218 

0.116 
2.50 
0.052 
2.00 

C- 
A 
C- 
A 

1,2 
1 
2 
1 

2 <P-'D 

2750.4 
2750.4 
2892.0 
2892.0 
2955.2 

0 
0 

1780 
1780 
2519 

36348 
36348 
36348 
36348J 
36348] 

5 
5 
3 
3 
1 

5 
5 
5 
5 
5 

e 
m 
e 

m 
e 

0.0017 
1.90 
1.9 X 10-« 
0.55 
6.7 X 10-» 

7.9X10« 
0.0073 
1.1 X 10-" 
0.00245 
4.5 X 10-» 

D- 
C 
D- 
C 
D- 

1,2 
1 

1,2 
1 
2 

3 :.p_lS 

11286.8] 
[1317.0] 

0 
1780 

[77712] 
[77712] 

5 
3 

1 
1 

e 
m 

0.027 
23 

5.7X10-5 

0.00195 
D- 
C 

2 
2 

4 'D-'S 

[2416.8] [36348] [77712] 5 1 e 4.? 0.206 C- 2 

MgVi 

Ground State ls^s^p^SS/j 

Ionization Potential 

Allowed Transitions 

186.49 eV= 1504581 cm-' 

Values for all the listed transitions are calculated from the nuclear charge-expansion method 
of Cohen and Dalgarno [1], which includes limited configuration mixing Judged from graphical 
comparisons with other ions in the iboelectronic sequence and from the general success of Cohen 
and Dalgarno's method for similar atomic systems, uncertainties within 50 percent are indicated. 

Reference 

(1) Cohen. M., bnd Dulgarno. A.. Proc. Roy. Soc. London A280, 25ft-270 (1964). 
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Mg VI.   Allowed Transitions 

No. Transition 
Array 

Multiple! MA) £((cm-') E^cm-') #t fik 
sec-1) 

fik S(al.u.) log«f Accu- 
racy 

Source 

1 2s,2/r'-2*2p4 <S°—4P 401.76 0 248906 4 12 36 0.26 1.4 0.02 D 1 

403.32 
400.68 
399.29 

0 
0 
0 

247945 
249578 
250445 

4 
4 
4 

6 
4 
2 

36 
37 
37 

0.13 
0.089 
0.044 

0.70 
0.47 
0.23 

-0.28 
-0.45 
-0.75 

D 
D 
D 

Is 
Is 
Is 

2 «D°_«D m.is [54/58] [.140564] 10 10 86 0.16 1.8 0.20 D 1 

349.16 
349.15 
349.12 
349.19 

54150 
'54171 
54150 
54171 

340551 
340584 
340584 
340551 

6 
4 
6 
4 

6 
4 
4 
6 

79 
77 
8.6 
5.7 

0.14 
0.14 
0.010 
0.016 

1.0 
0.65 
0.072 
0.072 

-0.08 
-0.25 
-1.22 
-1.19 

D 
D 
E 
E 

Is 
Is 
Is 
Is 

3 «D°-»P 269.92 [54/58] [424633\ 10 6 310 0.20 1.8 0.30 D 1 

270.39 
268.99 
270.41' 

54150 
54171 
54171 

423981 
425938 
423981 

6 
4 
4 

4 
2 
4 

280 
310 

31 

0.21 
0.17 
0.034 

1.1 
0.60 
0.12 

0.10 
-0.17 
-0.87 

D 
D 
E 

Is 
Is 
Is 

4 *P°-'D 387.94 [82791] [.140564] 6 10 13 0.050 0.38 -0.52 D 1 

388.02 
387.79 
387.97' 

82832 
82710 
82832 

340551 
340584 
340584 

4 
2 
4 

6 
4 
4 

13 
11 
2.2 

0.045 
0.051 
0.0049 

0.23 
0.13 
0.025 

-0.74 
-0.99 
-1.71 

D 
D 
E 

Is 
Is 
Is 

5 l|)0_2S 314.64 [82791] [400619] 6 2 180 0.090 0.56 -0.27 D 1 

[314.681 
[314.56] 

[82832] 
[82710] 

[4006191 
[400619] 

4 
2 

2 !?0 
2 

0.089 
0.092 

0.37 
0.19 

-0.45 
-0.74 

D 
D 

Is 
Is 

6 «p°_»p 292.53 [82791] [424633] 6 6 90 0.12 0.67 -0.14 D 1 

293.13 
291.35 
291.46 
293.02' 

82832 
82710 
82832 
82710 

423981 
425938 
425938 

1423981 

4 
2 
4 
2 

4 
2 
2 
4 

74 
61 
30 
15 

0.0% 
0.078 
0.019 
0.038 

0.37 
0.15 
0.074 
0.074 

-0.42 
-0.81 
-1.12 
-1.12 

D 
D 
E 
E 

Is 
Is 
Is 
Is 

Mg vi 

Forbidden Transitions 

For this ion all the values have been taken from Garstang [1], who has improved Pasternack's 
earlier calculations (Pasternack, S., Astrophys. J. 92, 129 (1940)). 

Reference 

IM C.arstang. R. H.. l.A.U. Symposium #34 on Planetary Nebulae held at Tatratiska Lomnica, Czechoslovakia, Sept. (1967). 
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Mg VI .    Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet A(A) £((cm-') E„(cm->) ft gk Transi- 

tion 
Auieec-1) S(at.u.) rac- Source 

1 2/V-2/J» <S°-2D° 
1846.7] 0 54150 4 6 m 0.0032 4.48 x 10-« C 
1846.7 0 54150 4 6 e 0.0022 1.69 xl0~« D 
1846.0 0 54171 4 4 m 0.12 1.12X10"4 C   , 
1846.0 0 [54171] 4 4 e 0.0014 7.147 X 10-» D 

2 <S"-2P° 
[1207.3 0 82832 4 4 m 13 0.00339 C 
1207.3 0 82832 4 4 e 2.7 X 10-" 1.6 x 10-» D 
1209.0] 0 82710 4 2 m 5.3 6.9 x 10-« C 
1209.0 0 [82710] 4 2 e 8.5 x 10-s 2.6 X 10-' D 

3 *D°-8D° 
[47.6 X 10»] [54150] [54171] 6 4 m 1.50 X 10-' 2.40 B- 
[47.6 X 10»] [54150] 1.54171] 6 4 e 2.0 x 10-»° 1.2 X KM D 

4 tjy _ 2jx> 

(IF) 2485.5 54150 82832 6 4 n 2.1 0.0132 C 
3485.5 54150 82832 6 4 e 0.26 0.319 C 
3503.0 54171 82710 4 2 m 2.3 0.0073 C 
3503.0 54171 827101 4 2 e 0.23 0.144 C 
3500.4 [54150 82710 6 2 e 0.15 0.094 C 
3488.1 54171 82832 4 4 m 3.7 0.0233 C 
3488.1 [54171] [82832] 4 4 e 0.11 0.135 C 

5 2p>_2p° 
[81.94x10'] [82710] 182832] 2 4 m   \ 1.63X10-» 1.33 B 
[81.94X10'] [82710] [82832] 2 4 e   1 8.7X10-'« 7.7 X KM D 

Mgvii 

Ground State 

Ionisation Potential 

Allowed Transitions 
List of tabulated lines: 

ls82s*2p2 :,Po 

224.90 eV= 1814430 cm-1 

Wavelength [Ä] No. Wavelength [Ä] No. Wavelength [A) No. 

276.15 
277.01 
278.40 
280.74 
319.02 

3 
3 
3 
5 
4 

431.32 
434.62 
434.71 
434.92 

1290.9 

1 
1 
1 
1 
7 

1371.1 
1378.7 
1392.1 
1396.3 
1410.0 

9 
9 
9 
9 
9 

320.50 
363.74 
365.24 
367.67 
429.13 

6 
2 
2 
2 
1 

1293.4 
1306.3 
1327.0 
1334.3 
13S0.8 

1470.4 
1487.0 
1487.9 
1496.6 
1507.5 

8 
8 
& 
8 
8 

431.22 1 1356.4 9 1517.4 8 
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Must data are obtained from the charge-expansion method of Cohen and Dalgarno [1] which 
includes limited configuration mixing. Graphical comparisons of this material within the isoelec- 
tronic sequence depicting the dependence of/-values on nuclear charge have been made, and the 
available experimental data for the lower ions, mostly from lifetime measurements, establish 
fairly definitely that the uncertainties should not xceed 50 percent. Analogous graphs for the data 
obtained from the Coulomb approximation indicate tiut these values are accurate witliin 25 percent. 

Reference 

[1] Cohen. M., and Dalgarno, A., Proc. Roy. Soc. London A280,258-270 (1964). 

MgVH.     Allowed Transitions 

No. Transition 
Array 

Multiple! K(k) £i(cm-') £*(cm-') Hi ** /U10» 
sec*1) 

fik Stat.u.) log«/ Accu- 
racy 

Source 

1 2s,2p,-252p:1 :ip_:irjo 433.04 2008 232934 9 15 22 0.10 1.3 -0.05 D + 1 

[434.92 
[431.32 

2939 232865 5 7 21 0.085 0.61 -0.37 D + Is 
1127 232975 3 5 16 0.075 0.32 -0.65 D + is 

429.13 0 233027 1 3 12 0.099 ,0.14 -1.00 D Is 
'434.71 2939 232975 5 5 5.4 0.015 'o.n -1.12 D Is 
431.22 1127 233027 3 3 9.3 0.026 0.11 -1.11 D Is 
434.62 2939 233027 5 3 0.59 0.0010 0.0072 -2.30 E Is 

2 .ip_.ipo 366.42 2008 . 274922 9 9 55 0.11 1.2 -0.00 D 1 

367.67 2939 274922 5 5 41 0.083 0.50 -0.38 Ü /s 
365.24 1127 274922 3 3 14 0.028 0.10 -1.08 E Is 
367.67 2939 274922 5 3 23 0.028 0.17 -0.85 D- Is 
365.24 1127 274922 3 1 54 0.036 0.13 -0.97 D- Is 
'365.24' 1127 274922 3 5 14 0.047 0.17 -0.85 D- Is 
'363.74' 0 274922 1 3 18 0.11 0.13 -0.96 D- Is 

3 »P-»S° 277.69 2008 362128 9 3 310 0.12 0.99 0.03 D + 1 

278.40 2939 362128 5 3 170 0.12 0.55 -0.22 D + Is 
277.01 1127 362128 3 3 100 0.12 0.33 -0.44 D + Is 
'276.15 0 362128 1 3 35 0.12 0.11 -0.92 D + Is 

4 'D-'D° [319.02] [41459] [354923] 5 5 160 0.25 1.3 0.10 D 1 

5 •D-'P" [280.74] [41459] [397655] 5 3 200 0.14 0.65 -0.15 D 1 

6 'S-'P" [320.50] [85647] [397655] 1 3 53 0.25 0.26 -0.60 D- 1 
7 2p3s- 

2p<»Pe)3p 

:ipo_ap 1322.6 1049701 1125312 9 9 6.6 0.174 6.8 0.195 C ca 

1334.3 1050906 1125850 5 5 4.83 0.129 2.83 -0.190 C Is 
1306.3 1048385 1124937 3 3 1.73 0.0442 0.57 -0.88 G (s 
1350.8 1050906 1124937 5 3 2.58 0.0423 0.94 -0.67 C Is 
1327.0 1048385 1123745 3 1 6.6 0.058 0.76 -0.76 C Is 
1290.9 1048385 1125850 3 5 1.77 0.074 0.94 -0.65 r Is 
1293.4 1047624 1124937 1 3 2.37 0.178 0.76 -0.75 c Is 

8 2p3p- 
2p(,P°)3</ 

ip_»D° 1488.2 1125312 1192507 9 15 3.44 0.191 8.4 0.235 c ca 

1487.9 1125850 1193061 5 7 3.44 0.160 3.92 -0.097 c Is 
1487.0 1124937 1192185 3 5 2.59 0.143 2.10 -0.368 c Is 
1470.4 1123745 1191753 1 3 1.98 0.192 0.93 -0.72 c Is 
1507.5 1125850 1192185 5 5 0.83 0.0282 0.70 -0.85 c Is 
1496.6 1124937 1191753 3 3 1.41 0.0474 0.70 -0.85 c Is 
1517.4 1125850 1191753 5 3 0.090 0.0019 0.047 -2.03 E Is 

9 •IP — 'P0 1392.5 1125312 1197125 9 9 2.39 0.070 2.87 -0.201 C ca 

1410.0 1125850 1196770 5 5 1.73 0.052 1.20 -0.59 C Is 
1378.7 1124937 1197469 3 3 0.62 0.0176 0.239 -1.277 C Is 
1396.3 1125850 1197469 5 3 0.99 0.0174 0.399 -1.06O c Is 
1371.1 1124937 1197872 3 1 2.51 0.0236 0.319 -1.15G c Is 
1392.1 1124937 1196770 3 5 0.60 G.029Ö 0.399 -1.060 c Is 
1356.4 1123745 1197469 1 3 0.86 0.071 0.319 -1.149 c Is 
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Mg vii 

Forbidden Transitions 

The adopted values represent, as in the case of NaVI, the work of Naqvi [1J. Malville and 
Berger [2], and Froese [3J. For the selection of values, the same considerations as for Na VI are 
applied, the one exception being that Froese's magnetic dipole values are also used. Since the 
observed energy levels are uncertain, it is felt that the "spin-orbit" and "spin-spin and spin-other- 
orbit" integrals £ and 17 calculated from her theoretical energy levels will be as accurate as the 
experimental ones. 

References 

[11 Naqvi, A. M., Thesis Harvard (1951). 
[2] Malville. J. M. and Berger, R. A., Planetary and Space Science 13, 1131 (1965). 
[3] Froese, C, Astrophys. J. 145,932 (1966). 

Mg VII.   Forbidden Transitions 

1 

Transition Type of Accu- 
No. Array Multiplet MÄ) £((cm-') £*(cm-') gi gk Tradi- 

tion 
/4w(sec-') 5(at.u.) racy Source 

1 2p-—2p- :»P_ap 
38707 0 1127 1 3 m 0.0258 2.00 A 1.3 
34016 0 2939 1 5 e 2.67X10-' 0.0362 C 3 
55173 1127 2939 3 5 m 0.0803 2.50 A 1.3 
55173 1127 2939 3 5 e 5.3 X 10-" 0.081 C 3 

2 •P-'D 
2413.0 0 41429 1 5 e 1.3 X 10-« 3.1 X 10» D 3 
2480.5 1127 41429 3 5 m 1.30 0.00368 C 1.2,3 
2480.5 1127 [41429 3 5 »    e 4.1X10 < 1.2X10' D 3 
2597.3 2939 41429 5 5 m 3.39 0.0110 C 1.2,3 

[2597.3] 2939 [41429] 5 5 e 0.0023 8.1 X 10-« D 3 

3 :ip_iS 

[1183.2] 
[1209.1] 

1127 [85647] 
[85647] 

3 1 m 37.2 0.00228 C 2.3 
2939 5 1 e 0.042 6.5 X 10-» D 3 

4 'D-'S 
[2260.8] [41429] [85647] 5 1 e 4.18 0.147 C 3 



ll 

Ground State 

lonization Potential 

Mg viii 

Allowed Transitions 
List of tabulated lines: 

15-^2/; *P?« 

265.957 eV = 2145679 cm-' 

Wavelength [Ä) No. Wavelength [Ä| No. Wavelength [A] No. 

74.858 
75.034 
75.044 
82.598 
82.824 

11 
11 
11 
10 
10 

342.23 
342.25 
342.42 
352.38 
353.84 

6 
6 
6 
4 
4 

436.68 
436.73 
442.08 
442.37 
486.05 

1 
1 
7 
7 
9 

311.78 
313.73 
315.02 
317.01 
335.25 

3 
3 
3 
3 

356.60 
428.34 
428.37 
428.60 
428.64 

4 
5 
5 
5 
5 

486.40 
490.81 
491.17 
680.31 
689.67 

9 
9 
9 
8 
8 

339.01 2 430.47 1 690.34 8 

Values for the majority of the transitions are calculated from the nuclear charge-expansion 
method of Cohen and Dalgarno [1], which includes limited configuration mixing. Graphical com- 
parisons with other data for the lower ions of this isoelectronic sequence indicate that the uncer- 
tainties should be within 50 percent. 

For the 2p*P°— 3s*S and 2p*P°—3t/al) multiplets we have obtained data by exploiting the 
dependence of/-values on nuclear charge: In these cases accurate data for several other ions of 
the boron sequence are available from extended self-consistent field calculations by Weiss [2] in 
which configuration mixing is fully included. Utilizing those values, which are also supported by 
some experimental results on lower ions, we have obtained the/values of the two transitions simply 
by graphical interpolation. 

References 

[1) Cohen, M., and Dalgarno, A., Proc. Roy. Soc. London A280, 258-270 (1964). 
(2) Weiss, A. W., private communication (1967). 
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Mg viii. Allowed Transitions 

No. Transition 
Array 

Multiple! X(A) £i(cm-') £*<crrr') tti Kk .<*i(10" 
sec"') 

/.* S(at.u.) logg/" Accu- 
racy 

Source 

1 2st2p-2i2p* tpo_2D 434.62 2203 232290 6 10 19 0.087 0.75 -0.28 D 1 

436.73 
430.47 
436.68! 

3304 
0 

3304 

232281 
232304 
232304 

4 
2 
4 

6 
4 
4 

18 
16 
3.0 

0.078 
0.088 
0.0087 

0.45 
0.25 
0.050 

-0.51 
-0.75 
-1.46 

D 
D 
E 

Is 
Is 
Is 

2 »po_IS .«7.75 22ft* 298283 6 2 79 0.045 0.30 -0.57 D + 1 

[339.011 
[335.25] 

3304 
0 

298283 
298283 

4 
2 

2 
2 

52 
27 

0.045 
0.045 

0.20 
0.10 

-0.74 
-1.05 

D+ 
D + 

Is 
Is 

3 ipo_jp 314.59 2203 320077 6 6 140 0.21 1.3 0.10 D + 1 

315.02 
313.73' 
317.01 
311.78! 

3304 
0 

33C4 
Ü 

320742 
3K>747 
318747 
320742 

4 
2 
4 
2 

4 
2 
2 
4 

120 
95 
45 
23 

0.17 
0.14 
0.034 
0.068 

0.72 
0.29 
0.14 
0.14 

-0.17 
-0.55 
-0.87 
-0.87 

D + 
D+ 
D- 
D- 

Is 
Is 
Is 
Is 

4 2s2p*-2p:l 4p_4S0 354.67 [132428] [414380] 12 4 140 0.086 1.2 0.01 D+ 1 

356.60 
353.84 
352.38! 

133481 
131763 
130598 

414380 
414380 

[414380 

6 
4 
2 

4 
4 
4 

67 
46 
23 

0.085 
0.086 
0.086 

0.60 
0.40 
0.20 

-0.29 
-0.46 
-0.76 

D+ 
D + 
D+ 

Is 
Is 
Is 

5 «D-H)° 428.52 232290 465654 10 10 39 0.11 1.5 0.04 D + 1 

428.60 
428.37 
428.34 
428.64 

232281 
232304 
232281 
232304 

465598 
465738 
465738 
465598 

6 
4 
6 
4 

6 
4 
4 
6 

36 
35 
3.9 
2.6 

0.099 
0.096 
0.0071 
0.011 

0.84 
G.54 
0.060 
0.060 

-0.23 
-0.42 
-1.37 
-1.36 

D+ 
D + 
E 
E 

Is 
Is 
Is 
Is 

6 «D-'P" 342.29 232290 524437 10 6 63 0.067 0.75 -0.17- D 1 

342.23 
342.42' 
!342.25 

232281 
232304 
232304 

524486 
524339 
524486 

6 
4 
4 

4 
2 
4 

57 
63 
6.3 

0.067 
0,055 
0.011 

0.45 
0.25 
0.050 

-0.40 
-0.66 
-1.36 

D 
D 
E 

Is 
Is 
Is 

7 *S--P° 442.18 298283 524437 2 6 12 0.10 0.30 -0.70 D 1 

[442.08] 
[442.37] 

298283 
298283 

524486 
524339 

2 
2 

4 
2 

12 
12 

0.C69 
0.034 

0.20 
0.10 

-0.86 
-1.17 

D 
D 

Is 
Is 

8 2P—2D° 686.92 320077 465654 6 10 9.4 0.11 1.5 -0.18 D 1 

690.34 
680.31 
689.67! 

320742 
318747 
320742 

465598 
465738 
465738 

4 
2 
4 

6 
4 
4 

9.2 
8.0 
1.5 

0.099 
0.11 
0.011 

0.90 
0.50 
0.10 

-0.40 
-0.66 
-1.36 

D 
D 
E 

Is 
Is 
Is 

9 
2p_'P° 489.33 320077 524437 6 6 39 0.14 1.4 -0.08 D 1 

490.81 
486.40 
491.17 
486.05! 

320742 
318747 
320742 
318747 

524486 
524339 
524339 
524486 

4 
2 
4 
2 

4 
2 
2 
4 

32 
26 
13 
6.6 

0.12 
0.094 
0.023 
0.047 

0.75 
0.30 
0.15 
0.15 

-0.32 
-0.73 
-1.04 
- 1.03 

D 
D 
D- 
D- 

Is 
Is 
Is 

10 2/>-('S)3s jpo_2g 82.748 2203 1210689 6 2 700 0.024 0.039 -0.84 C interp 

[82.824] 
[82.598] 

3304 
0 

1210689 
1210689 

4 
2 

2 
2 

460 
240 

0.024 
0.024 

0.026 
0.013 

-1.02 
-1.32 

C 
C 

Is 
Is 

11 2p-('S)3d ipo_!D 74.976 2203 1335965 6 10 4300 0.61 0.90 0.56 C inierp 

75.034 
74.858 
75.044 

3304 
0 

3304 

1336033 
1335863 
1335863 

4 
2 
4 

6 
4 
4 

4300 
3600 

720 

0.55 
0.61 
0.061 

0.54 
0.30 
0.060 

0.34 
0.09 

-0.61 

C 
C 
E 

Is 
Is 
Is 
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Mg viii 

Forbidden Transitions 
The line strength for the one transition in the ground state configuration is a straight number, 

tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, 
since the energy level difference is accurately known. 

Reference 

[1]   Naqvi, A. M., Thesis Harvard (1951). 

Mg VIII. Forbidden Transitions 

No. 
Transition 

Array Multiplet MÄ) £i(cm-') E*(cm-') 8i ft* 
Type of 
Transi- 

tion 
/J*i(sec-') S(at.u.) 

Accu- 
racy Source 

1 2p-('S)2p 2p»_ipo 

[30258] 0 3304 2 4 m 0.324 1.33 A 1 

Ground State 

Ionization Potential 

Mg ix 

Allowed Transitions 

List of tabulated lines: 

l522s2 "So 

327.90 eV = 2645444 cm"1 

Wavelength [A] No. Wavelength [Ä) No. Wavelength [Ä] No. 

62.751 
77.737 

368.07 
439.06 
439.17 

6 
7 
2 
5 
3 

443.99 
445.94 
448.28 
704.48 
751.56 

3 
3 
3 
1 
4 

1883.4 
2201.1 
2428.2 
2598.7 
2814.2 

10 
15 
12 
14 
8 

441.10 
443.37 

3 
3 

1073.3 
1639.8 

13 
11 

18707 9 

Garstang and Shamey [1] have obtained the/-value for the intercombination line 2'S0 —2:,Pi 
by calculating the ratio of this line against the resonance transition in the intermediate coupling 
approximation and by using for the resonance line a value calculated according to Cohen and 
Daigarno's method [2]. The data calculated from the charge-expansion method of Cohen and 
Dalgarno [2], which includes limited configuration mixing, are estimated to be usually accurate to 
50 percent < r better, while the charge-expansion method of Naqvi and Victor [3] should be less 
reliable when the effects of configuration interaction are strong, since these are neglected entirely. 
In assigning the accuracy estimates for these methods as well as for the Coulomb approximation 
we were to a great extent guided by "»"dying the degree of fit of the data into the systematic trends 
along isoe'.ectronic sequences. 

References 

[1] Garstang, ft. H., and Shamey. L. J.. Aslmphys. J. 148, 665-666 <!~W>7). 
[2] Cohen. M.. and Dalgarn... A., Proc. Roy. Sue. London A280. 258-270 (1964). 
[3] Naqvi. A. M.. and Victor. V.. A.. Technical Documentary Report No. RTD TDR -63-M18 (19641. 
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Mg IX.    Allowed Transitions 

No. Transition 
Array 

Multipler xiA) £i(cm~') £/r(cm->) m gk /f*,(10» 
sec-1) 

f» Sfat.u.) \ogf(f Accu 
racy 

Sourer 

1 2s1- 
2s(2S)2p 

lS_:.po 
[704.48] 0 [141948] l 3 0.0013 2.9 X 10 * 6.8 X 10-» -4.54 D l/i 

2 'S-'P° [368.07] 0 271687 1 3 51 0.314 0.380 -0.50 C 2 

3 2s2p-2p2 .ipo_jp 443.74 [1.3192] [3685(7] 9 9 41 0.12 1.6 0.03 D + 2 

443.99 
443.37 
448.28 
445.94 

[439.17 
L441.I0 

[144420 
141948 
144420 
141948 
141948 
140786 

369650 
367493 
367493 
366194 
369650 
367495 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

31 
10 
i6 
41 
11 
14 

0.092 
0.030 
0.030 
0.041 
0.051 
0.12 

0.67 
0.13 
0.22 
0.18 
0.22 
0.18 

-0.34 
-1.05 
-0.82 
-0.91 
-0.82 
-0.92 

D + 
D- 
D- 
D- 
D- 
D- 

Is 
Is 
Is 
Is 
Is 
Is 

4 ip°-'D [751.56] 271687 404744 3 5 8.9 0.13 0.93 -0.41 D- 2 

5 'P°-'S [439.06] 271687 499444 3 1 84 0.081 0.35 -0.61 E 2 

6 

7 

8 

9 

10 

2s*- 
2s(1S)3p 

2s2p- 
2s(*S)3s 

2s3s— 
2s(2S)3p 

2p3s- 
2p(2P°)3p 

'S-'P° 

'P°-'S 

'S-'P0 

ipo_ip 

"F°_'D 

[62.751] 

[77.737 

[2814.2] 

[18707] 

[1883.4] 

0 

271687 

1558076 

1742772 

1742772 

1593600 

1558076 

1593600 

1748116 

1795863 

1 

3 

1 

3 

3 

3 

1 

3 

3 

5 

3300 

240 

0.54 

0.00177 

1.88 

0.58 

0.0072 

0.191 

0.0093 

0.167 

0.12 

0.0055 

1.77 

1.72 

3.10 

-0.24 

-1.67 

-0.72 

-1.55 

-0.300 

E 

E 

C 

C 

C 

3 

3 

3 

ca 

ca 

il 

12 

13 

2s3p- 
2s(2S)3rf 

2p3p- 
2p(2P°)3rf 

'P°-'D 

'P-'D° 

ip_ip° 

[1639.8] 

[2428.2] 

[1073.3] 

1593600 

1748116 

1748116 

1654583 

1789287 

1841286 

3 

3 

3 

5 

5 

3 

2.34 

0.498 

3.66 

0.157 

0.073 

0.063 

2.55 

1.76 

0.67 

-0.327 

-0.66 

-0.72 

C 

C 

C 

ca 

ca 

ca 

14 'D-'P [2598.7] 1795868 1834337 5 7 0.61 0.086 3.67 -0.367 C ca 

15 'D-'P° [2201.1] 1795868 1841286 5 3 0.0289 0.00126 0.0456 -1.201 C ca 

Mgix 

Forbidden Transitions 

Neqvi's calculations [1] are the only available source. The results for the :,P— *P° transitions 
are essentially independent of the choice of the interaction parameters. For the :,P— 'P° transi- 
tions, Naqvi uses empirical term intervals, i.e.. the effects of configuration interaction should 
be partially included. 

Reference 

|1| Naqvi. A. M.. Thesis Harvard (1951). 
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Mg IX.   Forbidden Transitions 

No. 
Transition 

Array Muhiplet x(A) £,(cm-') E„(e.m->) ft fk 

Type of 
Tr&nsi 

tion 
//«(sec-1) S(at.u.) 

Accu- 
racy Source 

1 2s2p- 
2s(*S)2p 

3p_-ip° 
[86035] 
[40442] 

[140786] 
[141948] 

[141948] 
[144420] 

1 
3 

3 
5 

m 
m 

0.0282 
0.204 

2.00 
2.50 

A 
A 

1 
1 

2 3po_ipo 

"763.94 
770.78 
785.75 

140786 
141948 
144420 

271687 
271687 
271687 

1 
3 
5 

3 
3 
3 

m 
m 
m 

7.1 
391 

8.2 

3.52 x KM 
0.0199 
4.40x10' 

C 
G 
c: 

1 
1 
1 

Ground State 

lonization Potential 

Mgx 

Allowed Transitions 

List of tabulated lines: 

lss2s*S„2 

367.36 eV = 2963810 cnr' 

Wavelength [A] No. Wavelength [Ä] No. Wavelength [A) No. 

44.050 
47.231 
47.310 
47.321 
57.876 

3 
6 
6 
6 
2 

63.314 
65.672 
65.847 

170.21 
181.60 

5 
4 
4 
8 

10 

609.85 
625.28 

2212.5 
2278.7 
5918.7 

1 
1 
7 
7 
9 

57.920 
63.152 
63.295 

2 
5 
5 

181.86 
182.03 

10 
10 

6229.6 
6417.5 

9 
9 

* 

For the transition 2s— 2p, the charge-expansion calculation of Cohen and Dalgarno [1] is chosen. 
An uncertainty of less than 10 percent is indicated from the graphical comparison of this value 
with the other material for the same transition within the isoelectronic sequence. Data for the other 
listed transitions have been obtained from the Coulomb approximation. Plots of the dependence of 
/•value on nuclear charge for all these transitions have been made and show that this material 
connects up very smoothly with the data for the lower ions as well as with the hydrogenic value 
for infinite nuclear charge. Based on this impressive agreement, accuracies of 10 percent (or 25 
percent for some of the smaller values) are indicated. 

Reference 

[1) Cohen. M., and Dalgarno. A.. Proc. Roy. Sue. London A280, 258-270 (1964). 
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MgX.   Allowed Transitions 

No. Transition 
Array 

Multiple! XIÄ) £'i(crn"') £*(cm-') ft Mk /M10" 
sec"1) 

/• S(at.u.) 

i 

log«/" Accu- 
racy 

Source 

1 2s-2p 2S_Spo 614.90 0 162627 2 6 7.38 0.125 0.508 -0.602 B 1 

[609.851 
[625.28] 

0 
0 

163*76 
159929 

2 
2 

4 
2 

7.57 
7.00 

0.0844 
0.0410 

0.339 
0.169 

-0.773 
-1.086 

B 
B 

Is 
Is 

2 2s-3/1 *S _ 2po 57.891 0 1727394 2 6 2120 0.320 0.122 -0.194 B ca 

[57.876 
[57.920] 

0 
0 

1727832 
1726519 

2 
2 

4 
2 

2120 
2120 

0.213 
0.107 

0.0813 
0.0407 

-0.371 
-0.670 

B 
B 

Is 
Is 

3 2s- ip IS_2O0 [44.050] 0 2270148 2 6 970 0.085 0.0246 -0.77 C + ca 

+ 2p-3s 2p°_2§ 6.5.789 162627 1682648 6 2 1030 0.0223 0.0290 -0.874 B ca 

[65.847' 
[65.672; 

163976 
159929 

1682648 
1682648 

4 
2 

2 
2 

685 
346 

0.0223 
0.0224 

0.0193 
0.00967 

-1.050 
-1.349 

B 
B 

Is 
Is 

5 2p-3d »p°_»D 63.249 162627 1743692 6 10 6710 0.671 0.838 0.605 B ca 

63.295 
63.152 
63.314; 

163976 
159929 
163976 

1743880 
1743410 
1743410 

4 
2 
4 

6 
4 
4 

6700 
5610 

.112.0 

0.603 
0.671 
0.0670 

0.503 
0.279 
0.0559 

0.382 
0.128 

-0.572 

B 
B 
B 

Is 
Is 
Is 

6 2p-4d sp°_2rj 47.284 162627 2277489 6 10 2200 0.123 0.115 -0.132 C + ca 

47.350 
47.231 
47.321 

163976 
159929 
163976 

2277694 
2277182 
2277182 

4 
2 
4 

6 
4 
4 

2200 
1840 
368 

0.111 
0.123 
o.oir.4 

0.069 
0.0383 
0.0077 

-0.353 
-0.61 
-1.305 

c + 
c+ 
c+ 

Is 
Is 
Is 

7 3s — 3p 2C _ 2po 2234.1 1682648 1727394 2 6 0.942 0 211 3.11 -0.375 B ca 

[2212.5] 
[2278.7] 

1682648 
1682648 

1727832' 
1726519 

2 
2 

4 
2 

0.968 
CROC 

0.142 
0.0693 

2.07 
1.04 

-0.547 
-0.858 

B 
B 

Is 
Is 

8 3s — 4p 2S_2po [170.21] 1682648 2270148 2 6 268 0.350 0.392 -0.155 C + ca 

9 3/>-3rf 2('°_2[) 6134.0 1727394 1743692 6 10 0.0J.58 0.0337 4.08 -0.694 B ca 

6229.6 
5918.7 
6417.5 

1727832 
1726519 
1727832 

1743880 
1743410 
1743410 

4 
2 
4 

6 
4 
4 

0.0342 
0.0332 
0.00521 

0.0299 
0.0349 
0.00322 

2.45 
1.36 
0.272 

-0.922 
-1.156 
-1.890 

B 
B 
B 

Is 
Is 
Is 

10 3/>-4rf 2p°_2[) 181.79 1727394 2277489 6 10 690 0.57 2.06 0.53 C + ca 

181.86 
181.60 
182.03 

1727832 
1726519 
1727832 

2277694 
2277182 
2277182 

4 
2 
4 
 i 

6 
4 
4 

690 
580 
115 

0.52 
0.58 
0.057 

1.24 
0.69 
0.137 

0.318 
0.064 

-0.64 

c+ 
c + 
c + 

Is 
Is 
Is 
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Mg xi 

Ground State 

Ionization Poteni 

lsJ 'S« 

1761.23 eV= 14209200 cm-1 

Allowed Transitions 

The values for this ion are calculated from the charge-expansion method of Dalgarno and 
Parkinson [1]. From comparisons with the more refined vüriational calculations by Weiss (2] for 
lower members of this isoelectronic sequence, uncertainties are estimated not to exceed 10 percent. 
It should be pointed out that essentially identical results are obtained by extrapolating the data 
of Weiss towards the high members of the isoelectronic sequence {See fig. 1 of |2]). 

References 

(1] Dalgarno, A., and Parkinson. E. M.. Proc. Roy. Soo. London A301, 2G1-260 (1%7). 
[2] Weiss. A. W., J. Research Nat. Bur. Standards 71A 163-168 (1%7). 

Mg XI.    Allowed Transitions 

No. Transition 
Array 

Multiplet XI A) £i(crrr') £*(cin-') m Pk .4*1(10" 
sec ■) 

h Slat.u.) Wpf Accu- 
racy 

Source 

1 h2--b2p ■S —' P° [9.1682] 0 1090730C 1 3 1.97X10» 0.745 0.0225 -0.128 B ! 

2 U2- ls3p iS_ip° [7.8503] 0 12738400 1 3 5.50 XW 0.152 0.00394 -0.818 B 1 

3 Is2— ls4p 'S-'P° [7.4732] 0 13381100 1 3 2.27 xlO1 0.0569 0.00140 -1.245 B i 

4 b*-ls5p lS_ipo [7.3096] 0 13680600 1 3 1.15X104 0.0277 6.66x10 -4 -1.558 B 1 
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\ 

(»round State 

lonization Potential 

ALUMINUM 

AH 

Allowed Transitions 

List of tabulated lines: 

h22s-'2//3s-'3/> ^Pf,* 

5.984 eV = 48279.16 cm -■ 

Wavelength |A] No. Wavelength [A] No. Wavelength [A] No. 

2118.3 14 2367.05 5 8772.87 16 
2123.36 14 2372.07 6 8773.9 16 
2123.4 14 2373.12 5 8773.90 16 
2129.66 13 2373.35 5 8828.91 25 
2134.7 13 2378-40 6 8841.28 25 

2134.73 13 2567.98 3 8912.90 24 
2145.56 12 2575.10 3 8923.56 24 
2150.7 12 2575.40 3 8925.50 24 
2150.70 12 2652.48 4 10768.4 22 
2168.83 11 2660.39 4 10782.0 22 

2174.07 11 3082.15 1 10786.8 22 
2174.11 11 3092.71 1 10873.0 23 
2199.18 10 3092.84 1 10891.7 23 
2204.62 10 3944.01 2 11253.2 15 
2204.67 9 3961.52 2 11254.9 15 

221'».06 9 5557.06 20 11255 15 
2210.13 9 5557.95 20 13123.4 18 
2258.01 8 6696.02 19 13150.8 18 
2263.46 7 6698.67 19 16719.0 21 
2263.74 8 7835.31 17 16750.6 21 

2269.10 7 7836.1 17 16763.4 21 
2269.22 7 7836.13 !7 

The adopted values for this atom are taken from two theoretical and three experimental papers. 
The theoretical sources are the self-consistent field calculations by Biermann and Lübeck [5] which 
include polarization and exchange effects, and the calculations of Weiss [2], in which various 
possible configurations are superimposed and Hartree-Fock wavefunctions are employed. Weiss 
has carried out his calculations in both the dipole length and dipole velocity approximations and 
agreement between the two is usually good: in all the cases where his results are applied, the 
length values are chosen as suggested by the author as being probably more reliable [2]. 

The experiments consist of anomalous dispersion measurements by Penkin and Shabanova 
[4] for the 3p-ns and 3pnc' series and lifetime determinations of the 3d state by Budick [1] by means 
of the Hanle effect and of ihe 4s state by Demtröder [3] by means of the phase shift method, all 
expected to provide accurate values. (This is Demtiöder's only lifetime measurement for Al I. His 
other results [3] are from less accurate absorption measurements.) Penkin and Shabanova's rela- 
tive values have been normalized in two ways which lead to identical scales: (1) normalization to 
the average of Weiss' and Demtröder's value for the 3p-4s transition, (2) normalization to Budick's 
value for the 3p-3d transition. (Weiss' value for this transition is not nearly as reliable as for 3p-4s.) 

Finally, it should be noted that the gpectroscopic designations of the d states are questionable; 
the principal quantum number of these states probably should be reduced by one in each case. 

References 

Ml Budick. B.. Bull. Am. Phys. Soc. 11,456(1966). 
|2| Weiss. A. W.. to be published (1969). 
[3] Demtriider. W., Z. Physik 166, 42-55 (1962). 
[4] Penkin. N. P.. and Shabanova, L. N . Optici and Spectroscopy (U.S.S.R.) 18, 504 (1965). 
|5j Biermann. L. and Lübeck, K.. Z. Astrophys. 25, 325-339 (1948). 
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Al I.    Allowed Transitions 

No. Transition 
Array 

Multiple! kik) £i(cm~') A.'jtlcm-') Hi A •W10« 
see-1! 

fa Siat.u.) 1»K tf Accu- 
racy 

C + 

c + 
c+ 
D 

  

Source 

1 3»«3p- 
35«('S)3</ 

8po_J[) 

(3)' 
mv.2 
3092.71 
3082. IS 
3092.84 

75 

112 
0 

112 

3243b 

32437 
32435 
32435 

6 

4 
2 
4 

10 

6 
4 
4 

0.73 

0.73 
0.61 
0.12 

0.175 

0.158 
0.175 
0.018 

10.7 

6.4 
3.55 
0.71 

0.021 

-0.199 
-0.456 
-1.16 

1 

Is 
Is 
Is 

2 3**3p- 
3J*CS)4S 

»p_«S 
(1) 

:ms.7 

3961.52 
3944.01 

7.5 

112 
0 

25348 

25348 
25348 

6 

4 
2 

2 

2 
2 

1.47 

0.98 
0.493 

0.115 

0.115 
0.115 

9.0 

6.0 
2.99 

-0.161 

-0.337 
-0.64 

c+ 
c + 
c + 

2.3 

Is 
Is 

3 3js3p- 
SsH'Syid 

»p"_»D 
(2uv) 

2.572.8 

2575.10 
2567.98 
2575.40 

7.5 

112 
0 

112 

38932 

38934 
38929 
38929 

6 

4 
2 
4 

10 

6 
4 
4 

0.264 

0.264 
0.221 
0.044 

0.0437 

0.0393 
0.0437 
0.0044 

2.22 

1.33 
0.74 
0.15 

-0.58 

-0.80 
-1.058 
-1.76 

c 

c 
c 
D 

in 

Is 
Is 
Is 

4 3*'3p- 
3JVS)5S 

»P°_»S 
(1 uv) 

2657.8 

2660.39 
2652.48 

r.5 

112 
0 

37689 

37689 
37689 

6 

4 
2 

2 

2 
2 

0.397 

0.264 
0.133 

0.0140 

0.0140 
0.0140 

0.73 

0.490 
0.245 

-1.076 

-1.252 
-1.55 

C 

C 
C 

in 

Is 
Is 

5 35»3p- 
3iVS)5</ 

«p°-lD 
(4 uv) 

2371.1 

2373.12 
2367.05 
2373.35 

7.5 

112 
0 

112 

42236 

42238 
42234 
42234 

6 

4 
2 
4 

10 

6 
4 
4 

0.85 

0.85 
0.71 
0.14 

0.120 

0.108 
0.120 
0.012 

5.6 

3.38 
1.87 
0.38 

-0.143 

-0.365 
-0.62 
-1.32 

c 

c 
c 
D 

in 

Is 
Is 
Is 

6 3s»3p- 
3*VS)& 

«P°_»S 
(3uv) 

2.176.3 

2378.40 
2372.07 

7.5 

112 
0 

42144 

42144 
42144 

6 

4 
2 

2 

2 
2 

0.143 

0.095 
0.0478 

0.00403 

0.00403 
0.00403 

0.189 

0.126 
0.063 

-1.62 

-1.79 
-2.094 

c 

c 
c 

4n 

Is 
Is 

7 3i'3p- 2P°_»D 2267.2 7.5 44168 6 10 0.76 0.098 4.39 -0.231 c 4n 
3i2('S)6</ (5uv) 

2269.10 
2263.46 
2269.22 

112 
0 

112 

44169 
44166 
44166 

4 
2 
4 

6 
4 
4 

0.76 
0.64 
0.13 

0.088 
0.098 
0.0098 

2.63 
1.46 
0.29 

-0.453 
-0.71 
-1.41 

c 
c 
D 

Is 
Is 
Is 

8 3s*3p- 
3**1'S)7i 

*p°_*s 
(6uv) 

2261.8 

2263.74 
2258.01 

7.5 

112 
0 

44273 

44273 
44273 

6 

4 
2 

2 

2 
2 

0.113 

0.075 
0.0377 

0.00288 

0.00288 
0.00288 

0.129 

0.086 
0.0428 

-1.76 

-1.94 
-2.240 

C 

C 
C 

4n 

Is 
Is 

9 3sl3p- 
3s*i'S)7d 

jpc_2D 

(7 uv) 
2208.3 

2210.06 
2204.67 
2210.13 

7.5 

112 
0 

112 

45345 

45346 
453*. 
45344 

6 

4 
2 
4 

10 

6 
4 
4 

0.54 

0.54 
0.453 
0.090 

0.066 

0.059 
0.066 
0.0066 

2.88 

1.72 
0.% 
0.19 

-0.402 

-0.63 
-0.88 
-1.58 

C 

c 
c 
D 

in 

Is 
Is 
Is 

10 3j'3p- tpo_IS 

(8 uv) 
2202.8 

2204.62 
2199.18 

7.5 

112 
0 

45457 

45457 
45457 

6 

4 
2 

2 

2 
2 

0.052 

0.0349 
0.0175 

0.00127 

0.00127 
0.00127 

0.U55 

0.0369 
0.0184 

-2.118 

-2.294 
-2.60 

C 

c 
c 

in 

Is 
Is 

11 3523p- «P°_*D 
(9uv) 

2172.3 

2174.07 
2163.33 
2174.11 

7.5 

112 
0 

112 

46094 

46094 
4609.', 

46093 

6 

4 
2 
4 

10 

6 
4 
4 

0.366 

0.365 
0.306 
0.061 

0.0431 

0.0388 
0.0431 
0.0043 

1.85 

1.11 
0.62 
0.12 

-0.59 

-0.81 
-1.064 
-1.76 

c 
c 
c 
D 

in 

Is 
Is 
Is 

12 3i»3p- *P»_»D 2149.0 7.5 46594 6 10 0.279 0.0322 1.37 -0.71 C 4.) 

2150.70 
2145.56 

[2150.7) 

112 
0 

112 

46594 
46593 
46593 

4 
2 
4 

6 
4 
4 

0.279 
0.233 
0.046 

0.0290 
0.0322 
0.0032 

0.82 
0.455 
0.091 

-0.94 
-1.191 
-1.89 

c 
c 
D 

Is 
Is 
Is 
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Al I.    Allowed Transitions—Continued 

1   N'" Transition 
Array 

Multiple! A(A) £i(cnr') Eicicm'1) Pi 

6 

ft- 4w(10» 
sec-1) 

A .S'lat.u.) log«/" Accu- 
racy 

Source 

1               '» 3s23p- »P°_*D 2133.1 75 46941 /o 0.182 0.0207 0.87 -0.91 C in 

M 3i*('S)l(W 
2134.73 112 46942 4 6 0.181 0.0186 0.52 -1.128 \J Is ■ 2129.66 0 46941 •T 4 0.152 0.0207 0.290 -1.383 C It 

:§. (2134.7] 112 46941 4 4 0.030 0.0021 0.058 -2.08 D h 

14 35»3p- *P°_»D 2121.7 75 47192 6 10 0.123 0.0138 0.58 -1.082 C in 

i 3J 
2123.36 112 47192 4 6 0.122 0.0124 0.347 -1.305 C Is 

m 2118.3 0 47192 2 4 0.103 0.0138 0.192 -1.56 C Is 
■'1 (21234) 112 47192 4 4 0.020 0.0014 0.039 -2.26 D Is 

IS Z?$d- *D-
2
F° 11254 32436 41319 10 14 0.177 0.471 175 0.67 C 2 

:  1 
3s2('S)4/ (8) 

11254.9 32437 41319 6 8 0.178 0.450 100 0.431 C Is 
H 11253.2 32435 41319 4 6 0.166 0.472 70 0.276 C Is 

1 (11255) 32437 41319 6 6 0.012 0.023 5.0 -0.87 D Is 

16 3s23d- 2D-2F° 8771.4 32436 43831 !0 14 0.11 0.17 49 0.23 D- ca 

1 342('S)5/ (9) 
8773.90 32437 43831 6 8 0.10 0.16 28 -0.02 D- Is 

I' 8772.87 32435 43831 4 6 0.098 0.17 20 -0.17 D- Is 
18773.91 32437 43831 6 6 0.0069 0.0080 1.4 -1.32 E Is 

17 3s23</- 
ZsH'Sty 

2D-2F° 7835.5 32436 45195 10 14 0.061 0.079 20 -0.10 D- ca 

! i. (10) 
7836.13 32437 45195 6 8 0.062 0.076 12 -0.34 D- Is 

'    B 7835.31 32435 45195 4 6 0.057 0.079 8.2 -0.50 D- Is 

1 
(7836.1) 32437 45195 6 6 0.0041 0.0038 0.59 -1.64 E Is 

18 3sHs- 2§_sp° 13132 25348 32961 2 6 0.182 1.41 122 0.450 C 2 

1 WSttp (4) 
13123.4 25348 32966 2 4 0.182 0.94 81 0.274 C Is 

1 13150.8 25348 32950 2 2 0.181 0.470 40.7 -0.027    C Is 

1               ,9 3sHs- 2S_2P° 6697.0 25348 40276 2 6 0.0169 0.0340 1.50 -1.167    C- 5 

•   1 3s2('S)5p (5) 
6696.02 25438 40278 2 4 0.0169 0.0227 1.00 -1.343    C- Is 

■   1 6698.67 25348 40272 2 2 0.0169 0.0113 0.50 -1.65      C- Is 

1     2o 
3524i- 2S_ipo .5557.4 25348 43337 2 6 0.00425 0.0059 0.216 -1.93      C- 5 

!    I 3s2f'S)6p 16) 
5557.06 25348 43338 2 4 0.00425 0.00394 0.144 -2.103     C- Is 

1 5557.95 25348 43335 2 2 0.00425 0.00197 0.072 -2.405    C- Is 

21 3s24p- 
3j2('S)4rf 

*p°_s[) 16743 32961 38932 6 10 0.101 0.71 235 0.63     <: 2 

'    1 16750.6 32966 38934 4 6 0.101 0.64 141 0.408    <: Is 
1 16719.0 32950 38929 2 4 0.085 0.71 78 0.152 C Is 

'» 16763.4 32966 38929 4 4 0.017 0.071 16 -0.55 D Is 

22 3s24p- «r^-'D 10779 32961 42236 6 10 0.0048 0.014 3.0 -1.08 D ca 

I 35l('S)5rf (13) 
10782.0 32966 42238 4 6 0.0050 0.013 1.8 -1.28 D Is 

!       j 10768.4 32950 42234 2 4 0.0040 0.014 0.99 -1.55 D Is 
' 10786.8 32966 42234 4 4 8.0X10-' 0.0014 0.20 -2.25 E Is 

23 3s*4p- *I*°-*S 10887 32961 42144 6 2 0.034 0.020 4.3 -0.92 D ca 

fi 3st('S)6s (12) 
10891.7 32966 42144 4 2 0.022 0.020 2.9 -1.10 D Is 

1   ; 10873.0 32950 42144 4 2 0.011 0.020 1.4 -1.40 D Is 
i 

24 3$24p- «P°_*D 8920.6 32961 44168 6 10 0.0011 0.0021 0.37 -1.90 D ca 
\      ML 
!    m 

3sVS)6<f (14) 
8923.56 32966 44169 4 6 0.0011 0.0019 0.22 -2.12 D Is 

I 8912.90 32950 44166 2 4 0.0010 0.0021 0.11 -2.38 D Is 
1   jr !    m 8925.50 32966 44166 4 4 1.3X10' 2.2 X 10-' 0.026 -3.06 E Is 
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AIL Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! AIÄ) Eiicm ') £*(cm-') « Kk 
9ec_1) 

flk -S'lat.u.) !<>g«f AccU' 
racy 

Source 

25 3j»4p- 
3sH'S)7s 

ip<._«s 

0C) 
88.17.8 

8841.28 
8828,91 

S296I 

32966 
32950 

44273 

44273 
44273 

6 

4 
2 

2 

2 
2 

0.017 

0.011 
0.0056 

0.0065 

0.0065 
0.0065 

1.1 

0.76 
0.38 

-1.41 

-1.59 
-1.89 

D 

D 
D 

ca 

Is 
Is 

All 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [lj. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

[1]   Naqvi, A. M., Thesis Harvard (1951). 

Al I. Forbidden Transitions • 

No. 
Transition 

Array Multiple! x(A) i'i(cn)"1) E*(cm-') (d Zk 
Type of 
Transi- 

tion 
.4*1 (.-ec-1) S(at.u.) 

Accu- 
racy Source 

1 3/,-('S)3/> »po ;ip0 

[89.230x10«] 0.00 112.04 2 4 m 1.26x10-' 1.33 A 1 
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h i 

(Irounrl Slate 

Al II 

h*2r'2/j*äs:"S0 

lonizalion Potential 18.823 eV = 151860.4 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

1047.9 17 1965.4 10 5999.76 37 
1048.6 17 1989.85 9 6001.81 37 
1050.0 17 2015.4 6 6006.42 37 
1189.2 15 2192.6 5 6061.11 40 
1190.1 15 2194.2 5 6066.38 39 

1191.9 15 2195.4 5 6068.46 39 
1350.2 18 2195.5 5 6073.23 39 
1539.74 16 2816.19 13 6226.18 23 
1670.81 1 2994.26 30 6231.5 23 
1719.46 8 2995.54 30 6231.78 23 

1721.28 8 2998.16 30 6243.2 23 
1721.3 8 3088.52 32 6243.36 23 
1724.98 8 3649.1 26 6335.74 20 
1725.1 8 3651.1 26 6816.69 24 
1760.1 2 3651.10 26 6823.48 24 

1762.0 2 3655.0 26 6837.14 24 
1763.79 2 3655.00 26 6917.93 42 
1763.95 2 3703.22 31 6919.96 25 
1765.8 2 3731.95 28 7042.06 21 
1767.60 2 3733.91 28 7056.60 21 

1855.95 12 3738.00 28 7063.64 21 
1858.05 12 3866.16 29 7449.42 38 
1862.34 12 3900.68 3 7471.41 19 
1904.3 11 4663.1 14 7624.48 36 
1906.5 11 5388.48 35 7627.85 36 

1906.6 11 5593.23 27 7635.33 36 
1906.7 11 5613.19 43 8354.35 33 
1910.0 11 5853.62 34 8359.23 33 
1911.0 11 5861.4 34 8359.57 33 
1931.05 4 5861.53 34 8362.4 33 

1958.4 10 5867.3 34 8363.30 33 
1958.9 7 5867.6 34 8363.52 33 
1960.7 10 5867.81 34 8640.70 22 
1965.3 10 5971.94 41 

Weiss' [1] values have been calculated by means of the method of superposition of config- 
urations, employing Hartree-Fock wavefunctions as a starting point. The calculations have been 
carried out both in the dipole length and dipole velocity approximations. Zare [2] has performed 
similar calculations, also in the length and velocity forms, using however, the simpler, less accu- 
rate Hartree-Fock-Slate- wavefunctions. in which exchange effects are only approximately taken 
into account. The dipole length values of refs. [ 1 ] or [2] are selected, being probably more reliable 
than the velocity values, as suggested by the authors. Crossley and Dalgarno's values [3] have 
been obtained from a charge-expansion technique which includes configuration mixing in a limited 
way. There is usually good agreement for those transitions where the various calculations overlap. 
In these cases we have chosen Weiss' results over Zare's values and these in turn over ref. [3], 
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The accuracy estimate has been reduced where there is significant disagreement between the 
length and velocity forms or where there appears to he cancellation in the transition integral 

References 

Weis». A. W., ;. Chem. Phys. 47, 3573 (1967). 
Crossley. R. J. S., and Dalgarno, A., Proc. Roy. Soc. London A286, 510-518 (1965). 
Zare, R. N., J. Chem. Phya. 47, 3561 (1967). 

Al II.    Allowed Transitions 

No. Transition 
Array 

Multiplet X(Ä) KAtm-1) E*(cm-') ft ft .4«(10" 
sec-1) 

A S(at.u.) log«/ Accu- 
racy 

Source 

1 3i*-3i(*S)3p •S-'P0 

(2uv) 
1670.81 0 59850 1 3 14.6 1.84 10.1 0.265 B 1 

2 3i3p-3p' Sp«_3p 

(5uv) 
1764.0 37517 94207 9 9 13.1 0.61 32.0 0.74 C + 1 

1763.95 
1763.79 
1767.60 
1765.8] 
1760.1] 
1762.0] 

37579 
37454 
37579 
37454 
37454 
37392 

94268 
94147 
94147 
94085 
94268. 
94147 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

9.8 
3.29 
5.4 

13.1 
3.30 
4.38 

0.458 
0.153 
0.153 
0.204 
0.255 
0.61 

13.3 
2.67 
4.44 
3.55 
4.44 
3.55 

0.360 
-0.338 
-0.116 
-0.213 
-0.116 
-0.215 

c+ 
c 
c 
c 
c 
c 

Is 
Is 
Is 
Is 
Is 
Is 

3 ■P-'D 
(1) 

3900.68 59850 85479 3 5 0.0048 0.0018 0.070 -1.27 E 1 

4 •po-'S 1931.05 59850 111637 3 1 10.8 0.202 3.85 -0.218 C 1 

5 3*('S)3rf- •>D_.ip 2193.8 95548 141116 15 21 3.1 0.31 34 0.67 D 2 
3p(*P)3rf 

[2192.6] 
[2194.2] 
[2195.5] 
[2194.2] 
[2195.5] 
[2195.4] 

95547 
95548 
95549 
95547 
95548 
95547 

141141 
141108 
141082 
141108 
141082 
141082 

7 
5 
3 
7 
5 
7 

9 
7 
5 
7 
5 
5 

3.2 
2.7 
2.6 
0.36 
0.50 
0.014 

0.30 
0.28 
0.31 
0.026 
0.036 
7.1x10-« 

15 
10 
6.8 
1.3 
1.3 
0.036 

0.32 
0.15 

-0.03 
-0.74 
-0.74 
-2.30 

D 
D 
D 
D- 
D- 
E 

Is 
Is 
Is 
Is 
Is 
Is 

6 »D-'D0 2015.4 95548 145150 15 15 4.1 0.25 25 0.57 D 2 

7 3D_3p» 1958.9 95548 146598 15 9 6.8 0.24 23 0.55 D 3 

8 3i3p-3i(JS)3d 3p°_»D 
(6uv) 

1723.2 

[1725.1] 
[1721.3] 
171946 

[1725.1] 
1721.28 
1724.98 

37517 

37579 
37454 
37392 
37579 
37454 
37579 

95548 

95547 
95548 
95549 
95548 
95549 
95549 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

12.1 

12.1 
9.14 
6.79 
3.02 
5.07 
0.34 

0.901 

0.757 
0.676 
0.903 
0.135 
0.225 
0.0090 

46.0 

21.5 
11.5 
5.11 
3.83 
3.83 
0.26 

0.909 

0.578 
0.307 

-0.044 
-0.171 
-0.171 
-1.35 

B 

B 
B 
B 
B 
B 
D 

1 

Is 
Is 
Is 
Is 
Is 
Is 

9 'P°-'D 
(8uv) 

1989.85 59850 110088 3 5 14.7 1.4.5 28.5 0.64 C + 1 

10 3p,-3p(»P')3rf 3P_3D° 1963.0 94207 145150 9 15 12 1.2 70 1.03 D ;) 

1965.3 
1960.7 
1958.4 
1965.4 
1960.7 
1965.4 

94268 
94147 
94085 
94268 
94147 
94268 

145152 
.VJI48 
I4..'48 
145k" 
145148 
145148 

5 
3 
i 
S 
3 
S 

7 
5 
3 
5 
3 
3 

13 
9.1 
7.0 
3.1 
5.2 
0.35 

1.0 
0.88 
1.2 
0.18 
0.30 
0.012 

33 
17 
7.8 
5.8 
5.8 
0.39 

0.70 
0.42 
008 

-0.05 
-0.05 
-1.22 

D 
D 
D- 
D- 
D- 
E 

h 
h 
Is 
/.s 

/.< 
Is 

11 ap_3p° 1908.7 94207 146598 9 9 8.1 0.4$ 25 0.60 D 2 

1910.9 
1906.6 
1911.0 
1906.7 
1906.5 
1904.3] 

94268 
94147 
94268 
94147 
94147 
94085 

146599 
146597 
146597 
146595 
146599 
146597 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

5.8 
2.0 
3.4 
8.2 
2.0 
2.7 

0.32 
0.11 
0.11 
0.15 
0.19 
0.45 

10 
2.1 
3.5 
2.8 
3.5 
2.8 

0.20 
-0.48 
-0.26 
-0.35 
-0.24 

-0.35 

D 
D- 
D- 
D- 
D- 
D- 

Is 
Is 
Is 
Is 
Is 
Is 
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Al II.   Allowed Transitions -Continued 

1 
No. Transition 

Array 
Multiple! X(Ä) £i(cm-') £*(cm-') m ft 

sec-1) 
/« Slat.u.) log gf Accu- 

racy 
Source 

12 

I 

3j3p-3s(«S)4i 3p°_3g 
<4uv) 

1860.3 

1862.34 
1858.05 
1855.95 

37517 

37579 
37454 
37392 

91271 

91271 
91271 
91271 

9 

5 
3 
1 

3 

3 
3 
3 

7.44 

4.12 
2.48 
0.832 

0.129 

0.129 
0.129 
0.129 

7.09 

3.94 
2.36 
0.788 

0.065 

-0.190 
-0.412 
-0.889 

B 

B 
B 
B 

1 

Is 
Is 
Is 

13 ipo_ .S 2816.19 59850 95348 3 1 3.83 0.152 4.22 -0.341 C- 1 

14 3pl-3s{*S)4p 'D-'P0 [4663.1] 85479 106918 5 3 0.53 0.104 8.0 -0.284 C 3 

I 
15 3j3p-3i('S)4<i .ip>_»D 1191.0 37517 121481 9 15 1.7 0.059 2.1 -0.28 D 3 

I 
i 

1191.9] 
1190.1] 
1189.2] 
1191.9] 
1190.1] 
1191.9] 

37579 
37454 
37392 
37579 
37454 
37579 

121480 
121481 
121481 
121481 
121481 
121481 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

1.7 
1.3 
0.93 
0.42 
0.70 
0.046 

0.050 
0.044 
0.059 
0.0089 
0.015 
5.9 X 10-« 

0.98 
0.52 
0.23 
0.17 
0.17 
0.012 

-0.60 
-0.88 
-1.23 
-1.35 
-1.35 
-2.53 

D 
D 
D- 
D- 
D- 
E 

Is 
Is 
Is 
Is 
Is 
Is 

16 ip'-'D 
(lti uv) 

1539.74 59850 124792 3 5 8.8 0.52 7.9 0.19 D 3 

17 353p-3i(«S)5d 3P°~»D 1049.3 37517 132820 9 15 0.64 0.018 0.55 -0.80 D 3 

I 

[1050.0] 
[1048.6 
[1047.9 
[1050.0 
[1048.6 
[1050.0 

37579 
37454 
37392 
37579 
37454 
37579 

132820 
132820 
132820 
132820 
132820 
132820 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

0.64 
0.48 
0.36 
0.16 
0.27 
0.018 

0.015 
0.013 
0.018 
0.0027 
0.0044 
1.8 X10-4 

0.26 
0.14 
0.061 
0.046 
0.046 
0.0031 

-1.13 
-1.40 
-1.75 
-1.88 
-1.88 
-3.05 

D 
D 
D- 
D" 
D- 
E 

Is 
Is 
Is 
Is 
Is 
Is 

18 'P°-'D [1350.2] 59850 133914 3 5 4.8 0.22 2.9 -0.19 E 3 

19 353rf-3j(2S)4/ "D-'P 
(21) 

7471.41 110088 123468 5 7 0.94 1.1 140 0.74 D ca 

20 353</-3s(sS)5p 'D-'P° 
(22) 

6335.74 110088 125867 5 3 0.14 0.050 5.2 -0.60 D ca 

21 3«45-35(2S)4p .iS-ap» 
(3) 

7049.3 91271 105453 3 9 0.58 1.31 91 0.59 C + 3 

1 
1 
J j 7042.06 

7056.60 
7063.64 

91271 
91271 
91271 

105468 
105438 
105424 

3 
3 
3 

5 
3 
1 

0.59 
0.58 
0.58 

0.73 
0.435 
0.145 

51 
30.3 
10.1 

0.340 
0.116 

-0.362 

c+ 
c+ 
c+ 

Is 
Is 
Is 

. j 22 lS_ipo 

(4) 
8640.70 95348 106918 1 J 0.286 0.96 27.3 -0.018 c 3 

i 

| 

23 

j 

3s4p-3s(sS)4rf ip»_iD 
(10) 

62.37.4 

6243.36 
6231.78 
6226.18 

[6243.2] 
[6231.5] 
[6243.2] 

105453 

105468 
105438 
105424 
105468 
105438 
105468 

121481 

121480 
121481 
121481 
121481 
121481 
121481 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

1.1 

1.1 
0.84 
0.62 
0.28 
0.47 
0.031 

1.1 

0.96 
0.86 
1.1 
0.17 
0.28 
0.011 

200 

93 
50 
22 
17 
17 

1.1 

1.00 

0.68 
0.41 
0.04 

-0.07 
-0.08 
-1.26 

D 

D 
D 
D- 
D- 
D- 
E 

ca 

Is 
Is 
Is 
Is 
Is 
Is 

:' 24 3i4p-3i(lS)55 .ipo_.1S 

(9) 
6830.1 105453 120090 9 3 1.0 0.24 49 0.33 D ca 

J 
: 6837.14 

6823.48 
6816.69 

105468 
105438 
105424 

120090 
120090 
120090 

5 
3 
1 

3 
3 
3 

0.57 
0.34 
0.11 

0.24 
0.24 
0.24 

27 
16 
5.4 

0.08 
-0.14 
-0.62 

D 
D 
D 

Is 
Is 
Is 

!     1 
1         25 •P°-'S 

(15) 
6919.9« 5 106918 121365 3 1 0.% 0.23 16 -0.16 D ca 
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Al II.    Allowed Transitions — Continued 

No. Transition Mulliplet X(Ä) £i(cnr') £*(cm-') m Hk Aki(W /1* S(at.u.) lug«/' Accu- Source 

- 

Array KJ-«) racy 

26 3i4p-3*(JS)5d »P0.-»D 
(12) 

3653.0 105453 132820 9 15 0.27 0.091 9.9 -0.09 , I) ca 

3653.00 105468 132820 5 7 0.27 0.077 4.6 -0.41 D Is 
3651.10 105438 132820 3 5 0.21 0.069 2.5 -0.68 D Is 
[3649.1] 105424 132820 1 3 0.15 0.092 1.1 -1.04 0- Is 
(3655.0] 105468 132820 5 5 0.069 0.014 0.83 -1.15 D- Is 
[3651.1] 105438 132820 3 3 0.12 0.023 0.83 -1.16 D- Is 
[3655.0] 105468 132820 5 3 0.0076 9.1 X IO-4 0.055 -2.34 E Is 

27 'P°-'D 
(16) 

559J.23 106918 133914 3 5 1.1 0.85 47 0.41 D ca 

28 3*4p-3ä(»S)6i •v_-is 
dl) 

3735.9 105453 132213 9 3 0.39 0.027 3.0 -0.61 D ca 

3738.00 105468 132213 5 3 0.21 0.027 1.7 -0.87 D Is 
3733.91 105438 132213 3 3 0.13 0.027 1.0 -1.09 D Is 

, 3731.95 105424 132213 1 3 0.043 0.027 0.33 -1.57 D Is 

29 ip°-'S 
(17) 

3866.16 106918 132776 3 1 0.37 0.028 1.1 -1.08 D 
"   \ 

30 3s4p-35(«S)6<f 3p°_3rj 

(14) 
2996.8 105453 138812 9 15 0.11 0.025 2.2 -0.65 D ca 

2998.16 105468 138812 5 7 0.11 0.021 1.0 -0.98 D Is 
2995.54 105438 138812 3 5 0.085 0.019 0.56 -1.24 D Is 
2994.26 105424 138812 1 3 0.062 0.025 0.25 -1.60 D- Is              j 
2998.16 105468 138812 5 5 0.027 0.0037 0.18 -1.73 D- Is 
2995.54 105438 138812 3 3 0.046 0.0062 0.18 -1.73 D- Is 

Is 1 

i 

2998.16 105468 138812 5 3 0.0031 2.5 X 1Ü-« 0.012 -2.90 E t 

31 'P°-'D 3703.22 106918 139287 3 5 0.38 0.13 4.8 -0.41 D ca j 
(18) 1 

32 3*4p-3*CS)7d 'P°-'D 3088.52 106918 142607 3 5 0.15 0.036 1.1 -0.97 D 
(20) 

33 3s4d-3*(*S)5/ :.r>j.p 8358.2 121481 133442 15 21 0.50 0.74 310 1.05 D 
i 

ca 
(40) 1 1 

8354.35 121480 133447 7 9 0.50 0.67 130 0.67 D Is            1 
8359.57 121481 133440 5 7 0.44 0.65 89 0.51 D Is 
8363.52 121481 103435 3 5 0.42 0.74 61 0.35 D Is          j 
8359.23 121480 133440 7 7 0.055 0.058 11 -0.39 D- Is           I 
8363.30 121481 133435 5 5 0.078 0.082 11 -0.39 D- Is 
[8362.4] 121480 133435 7 5 0.0022 0.0017 0.32 -1.92 E Is 

34 3a4d-3«(2S)6/ »D-T 
(41) 

.58.59.7 121481 138542 15 21 0.24 0.17 49 0.41 D ca 
1 

5853.62 121480 138559 7 9 0.24 0.15 21 0.02 D Is 
5861.53 121481 138536 5 7 0.22 0.15 15 -0.12 D Is 
5867.81 121481 138519 3 5 0.20 0.17 9.8 -0.29 D I' 4 

[5861.4] 121480 138536 7 7 0.026 0.013 1.8 -1.04 D- Is 
[5867.6] 121481 138519 5 5 0.036 0.019 1.8 -1.02 D- Is 

j [5867.3] 121480 138519 7 5 0.0010 3.8X10-« 0.051 -2.58 E Is 

35 3J5J-3J(»S)7P 'S-'P° 
(34) 

5388.48 121365 139917 1 3 0.012 0.016 0.28 -1.80 D ca 
i 

! 

36 3i5p-3s(»S)6d •ip"_>D 
(91) 

7632.1 125713 138812 9 15 0.089 0.13 29 0.07 D ca 

Is 7635 33 125719 138812 5 7 0.090 0.11 14 - 26 D 
7627.85 125706 138812 3 5 0.065 0.095 7.2 -(>. * D Is 

1 7624.48 125701 138812 1 3 0.050 0.13 3.3 -O.t D- Is 
7635.33 125719 138812 5 5 0.022 0.019 2.4 -1.02 D- Is 
7627.85 125706 138812 3 3 0.037 0.032 2.4 -1.02 D- /" 
7635.33 125719 138812 5 3 1 0.0025 0.0013 0.16 -2.19 E Is 

i 
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Al II.    Allowed Tran $ition&—Continued 

No. Transition 
Array 

Multiplet A(A) £i(cm_1) £jt(cm-') ft «k ^*i(10" 
sec"') 

h S(at.u.) log«/ Accu- 
racy 

Source 

37 3s5p-3j(2S)7rf 
(93) 

6004.4 

6006.42 
6001.81 
5999.76 
6006.42 
6001.81 
6006.42 

12571H 

125719 
125706 
125701 
125719 
125706 
125719 

142363 

142363 
142363 
142363 
142363 
142363 
142363 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

0.034 

0.034 
0.026 
0.019 
0.0085 
0.014 
9.2 X 10-4 

0.031 

0.026 
0.023 
0.031 
0.0046 
0.0076 
3.0 X 10* 

5.5 

2.6 
1.4 
0.61 
0.45 
0.45 
0,030 

-0.55 

-0.89 
-1.16 
-1.51 
-1.64 
-1.64 
-2.82 

D 

1) 
D 
D- 
D- 
D- 
E 

ca 

Is 
Is 
Is 
Is 
Is 
Is 

38 'P°-'D 
(98) 

7449.42 125867 142607 3 5 0.12 0.16 12 -0.32 D ca 

39 3s5p-3i(2S)8s :.po_.'.S 

(92) 
6071.1 

6073.23 
6068.46 
6066.38 

125713 

125719 
125706 
125701 

142180 

142180 
142180 
142180 

9 

5 
3 
1 

3 

3 
3 
3 

0.076 

0.042 
0.Ö25 
0.0085 

0.014 

0.014 
0.014 
0.014 

2.5 

1.4 
0.84 
0.28 

-0.90 

-1.15 
-1.38 
-1.85 

D 

D 
D 
D 

ca 

Is 
Is 
Is 

40 ipo_lS 

(99) 
6061.11 125867 142361 3 1 0.076 0.014 0.84 -1.38 D ca 

41 3*5p-3s(2S)8rf 'P°_'D 
(100) 

5971.94 125867 144780 3 5 0.049 0.044 2.6 -0.88 D ca 

42 3s5d-3s(2S)6/ •D-'F0 

(75) 
6917.93 133914 139243 5 7 0.16 0.16 18 -0.10 D ca 

43 3s5d-3s(2S)7f 'D-'P 
(77) 

5613.19 133914 142602 5 7 0.070 0.046 4.3 -0.64 D ca 

I 

Al II 

Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The results tor the 3P°—:,P° transitions 
are essentially independent of the choice of the interaction parameters. For the 3P° — >P° transi- 
tions, Naqvi uses empirical term intervals, i.e., the effects of configuration interaction should be 
partially included. 

Reference 

|1] Naqvi. A. M., Thesis Harvard (195!). 

Al II.   Forbidden Transitions 

No. 
Transition 

Array Multiplet MÄ) £/(cm-') Ek(cm") m *f* 
Type of 
Transi- 

tion 
•!*•/( sec"') Sfat.u.) 

Accu- 
racy Source 

1 

2 

3f3p-3ifS)3/J :lpo_.ipo 

:ipo_ipo 

16.18X 
79.66 x 

4451.6 
4463.9 
4489.0 

10s] 
'104] 

37392.0 
37453.8 

37392.0 
37453.8 
37579.3 

37453.8 
37579.3 

59849.7 
59849.7 
59849.7 

1 
3 

1 
3 
5 

3 
5 

3 
3 
3 

m 
m 

in 
in 
m 

4.24 x 10« 
2.67 x 10-» 

0.00288 
0.57 
0.00351 

2.00 
2.50 

2.83 X 10-» 
0.0056 
3.53 X 10-» 

B 
B 

C 
<: 
c 

1 
1 

1 
1 
1 
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Ground State 

Alm 

hW2/.-83s 2S1/: 

Iunization Potential 28.44 eV = 229453.99 cm ' 

Allowed Transitions 

List of tabulated lines: 

Wavelength (A) 

"              r 

No. Wavelength (Ä) No, Wavelength |Ä| No. 

560.3% 3 1862.78 1 4357.24 15 
695.817 2 1935.9 7 4364.59 15 
696.212 2 3283.11 16 4512.54 11 
1162.6 9 3287.37 16 4528.91 11 
1352.8 8 3601.62 6 4529.18 11 

1379.6 5 3601.92 6 4701.65 14 
1384.2 5 3612.35 6 4903.71 17 
1605.7 4 3702.09 12 5260.91 19 
1611.88 4 3713.10 12 5696.47 10 
16U.9C 4 3980.56 18 5722.65 10 

1854.72 1 4150.1 13 

Self-constslent field calculations including exchange effects have been carried out by Weiss 
[1] and by Chapman, Cbrke, and Aller [3] for several multiplets of this ion. Weiss' values have 
been calculated with both the dipole length and dipole velocity formulas which agree usually within 
a few percent. Stewart and Rotenberg [2] who developed a method employing a scaled Thomas- 
Fermi potential, have applied this U> several Al III transitions, including 35-5/>, which is not covered 
by the other authors. Good agreement exists among the various calculations, including the Coulomb 
approximation, for the few cases wh-.*re they overlap. Cancellation occurs in varying degrees for 
the 3s-4p, 3.5-5/>, 5p-6</, and 5/<-7r/ transitions, which are mostly covered by the Coulomb approxi- 
mation. In these cases the accuracy rating has been reduced. We have ad.ipted the values of 
Weiss [1], i.e., the average of his dipole length and dipole velocity values, when we had a choice 
between different calculations. Furthermore, the results of Refs. [2] and [3] were chosen in prefer- 
ence to the Coulomb approximation. 

Weiss [1] has also carried out calculations for the doublet ratios of those transitions for which 
he has calculated absolute/-values. His results indicate that the doublet ratios follow LS-coupling 
quite well, in direct disagreement with the experimental results of Kisiel [4] who has measured the 
intensity ratios of various transitions connected with the 3/> state. It appears that Kisiei has failed 
to adequately investigate the effects of self absorption which are probably quite important in this 
experiment. 

For A! Ill, a member of the sodium isoelectronic sequence, it is possible to utilize extensively 
the dependence of oscillator strengths on ni'vlear charge for the intercomparison of analogous 
transitions. Thus, the degree of fit of the individual/-values into the systematic trends has served 
as one of the decisive factors for the choice of accuracy assignments. 

References 

|1| Weiss, A. W., to be published (1969). 
[2| Stewart. J. C. and Rotenberg. M.. I'hys. Rev. 140, 1508A-1S19A 1196a). 
(3) Chapman. R. D.. Clarke. W. H . and Aller. I.. H.. Astn.phys. J. 144, 376-3«) (1966). 
|4| Kisiei. A.. Atta Phys  Polon. 23, 167-175 (1963). 
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Al III. Allowed Transitions 

N... Transition 
Array 

Multiple! A(Ä) Eto-ar') £*<<m -') Hi A'» /«wll»1 we-') /Ik .S'lal.u.) WKI Accu- 
racy 

Source 

1 3s — 3p 
(1 uv) 

1857.4 0 5:18.19 2 6 5.64 0.875 10.7 0.243 B 1 

1854.72 
1862.78 

0 
0 

53917 
53684 

2 
2 

4 
2 

5.67 
5.60 

0.585 
0.291 

7.14 
3.57 

0.066 
-0.235 

B 
B 

Is 
Is 

2 3s — 4/i 
(2uv) 

695.97 0 14.1684 2 6 0.52 0.011 0.052 -1.64 D 1 

695.817 
696.212 

0 
0 

143712 
143632 

2 
2 

4 
2 

0.53 
0.51 

0.0076 
0.0037 

0.035 
0.017 

-1.82 
-2.13 

D 
D 

Is 
Is 

3 3s — 5/i ,,s_,,,o 

(3 uv» 
560.390 0 178455 2 6 0.48 0.0068 0.025 -1.87 D 2 

4 3/>-3rf -Pc--D 1609.9 m:i9 115956 6 10 14.5 0.937 29.8 0.750 B 1 

1611.90 
1605.7 
1611.88 

53917 
53684 
53917 

115955 
115957 
115957 

4 
2 
4 

6 
4 
4 

14.4 
12.1 
2.42 

0.843 
0.939 
0.0942 

17.9 
9.93 
2.00 

0.528 
0.274 

-0.424 

B 
B 
B 

Is 
Is 
Is 

5 3/i — 4s sp_»S 1.182.7 asm 126163 6 2 13.5 0.129 3.51 -0.111 C + 1 

[1384.2] 
[1379.6] 

53917 
53684 

126163 
12ol63 

4 
2 

2 
2 

8.9 
4.51 

0.129 
0.129 

2.34 
1.17 

-0.287 
-0.59 

C + 
c + 

Is 
Is 

6 3</-4/i 
(11 

.I6«5.4 115956 14.1684 10 6 1.49 0.174 20.7 0.242 c + 1 

3601.62 
3612.35 
3601.92 

115955 
115957 
115957 

143712 
143632 
143712 

6 
4 
4 

4 
2 
4 

1.34 
1.48 
0.150 

0.174 
0.145 
0.0291 

12.4 
6.9 
1.38 

0.020 
-0.236 
-0.93 

c + 
c + 
c+ 

Is 
Is 
Is 

7 3d-4/ -D--F0 
[1935.9] 115956 167612 10 14 12.2 0.96 61 0.98 c+ ca 

8 3(/-5/ ^D-^F0 
[1352.8] 115956 189875 10 14 4.40 0.169 7.5 0.228 c ca 

9 3^-6/" »D-SP [1162.6] 115956 201970 10 14 21 0.061 2.3 -0.21 "D ca 

10 4s — 4/i ,s_,I)o 

(2) 
.5705.9 126163 14.1684 2 6 0.878 1.29 48.3 0.412 B 1 

>696.47 
5722.65 

126163 
126163 

143712 
143632 

2 
2 

4 
2 

0.882 
0.870 

0.359 
0.427 

32.2 
16.1 

0.235 
-0.069 

B 
B 

Is 
Is 

11 4/i-4rf 
13) 

;.52.i.2 I4.i6<14 165786 6 10 2.56 1.33 117 0.90 c + 3 

4529.18 
4512.54 
4528.91 

143712 
143632 
143712 

165785 
165787 
165787 

4 
2 
4 

6 
4 
4 

2.54 
2.15 
0.426 

1.17 
1.31 
0.131 

70 
38.9 

7.8 

0.67 
0.418 

-0.281 

c+ 
c + 
c+ 

Is 
Is 
Is 

12 4/i-5s ,.|,o_,s 

(4) 
H70V.2 14.1684 170636 6 2 3.42 0.235 17.2 0.149 c + 3 

3713.10 
3702.09 

143712 
143632 

170636 
170636 

4 
2 

2 
2 

2.27 
1.14 

0.235 
0.235 

11.5 
5.7 

-0.027 
-0.328 

c + 
c + 

Is 
Is 

13 4</-5/ -D--F° 
(5) 

41.W.I 165786 139875 10 14 2.19 0.79 108 0.90 c+ 3 

14 4/-.W 
(6) 

4701.65 167612 1U8876 14 10 0.079 u.019 4.1 -0.58 D ca 

IS 5/i-6</ ->r—D 
mi 

4M2.0 178455 201374 6 10 0.084 0.040 3.5 -0.62 D ca 

4364.59 
4357.24 
4364.59 

178470 
178430 
378470 

201374 
20'374 
201374 

4 
2 
4 

6 
4 
4 

0.082 
0.070 
0.014 

0.035 
0.040 
0.0039 

2.0 
1.2 
0.23 

-0.85 
-1.10 
-1.80 

D 
D 
D 

Is 
Is 
Is 
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Aim. Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! \(Ai £,(cm ') KtUm'l A'. Mk /ftriKTMH-   ') /» Slat.u.) log Kl Accu- 
racy 

Source 

16 5p-7d >P°-*D 
(10)   | 

3285.8 

3287.37 
3283.11 
3287.37 

178455 

178470 
178430 
178470 

208880 

208880 
208880 
208880 

6 

4 
2 
4 

10 

6 
4 
4 

0.011 

0.011 
0.0093 
0.0018 

0.0030 

0.0026 
0.0030 

2.9X10-4 

0.19 

0.11 
0.065 
0.013 

-1.71 

-1.98 
-2.22 
-2.94 

D 

D 
1) 
I) 

Ctt 

l! 
Is 
Is 

17 W-7/ 
(11) 

4903.71 188876 209261 10 14 0.351 0.177 28.6 0.248 C ra 

].. 5J-8/ 
(12) 

3980.56 188876 213992 10 14 0.229 0.076 10.0 -0.119 c cu 

19 Sf-ld 2F°-2D 
(13) 

S260.91 189875 208880 14 10 0.0280 0.0083 2.01 -0.93 c ra 

I 

1 
1 

AI iv 

Ground State 

Ionization Potential 

ta-2s-2// !
SH 

119.% eV= 967783 cm   ' 

Allowed Transitions 

Calculations by Kastner, Omidvar, and Underwood [1], employing Harlree-Fock wavefunctions 
and including intermediate coupling, are available. Since the calculations are based on a single- 
configuration approximation only, uncertainties of up to 50 percent are expected for the strong 
lines and even higher uncertainties for the weak lines, the latter being more affected by assumptions 
about the coupling. 

Reference 

[1| Kastner. S. O., Omidvar, K.. and Underwood. J. H.. Astrophys. J. 148, 269-273 (1%7). 

AI IV. Allowed Transitions 

No. Transition 
Array 

Multiple! xiA) filtm-'l £*(cm ') Hi A'A .4,(110" sec 'I U .Slat.u.l 

0.0080 

log A'/ 

-1.82 

Accu- 
racy 

E 

Source 

: 

1 2p«-2pWl-i)3s iS_:.p° 

[161.69] 0 618478 3 13 0.015 
i 

2 2p«-2p»(2Pf,a)3s it;_ ip° [160.07] 0 624721 3 170 0.20 0.11 -0.70 I) 

3 2p«-2p1i-l,J,i)3d ■S —'I>0 

[131.65] 0 759601 3 4.7 0.0037 0.0016 - 2.13 K 
: 

4 2p«-2p:,l-P:;;.)3<f 's-'r [130.37] 0 767041 3 630 0.48 0.21 -0.32 1) I 

5 2p"-2p:,(JP?,i)3rf 'S- 'D° 
[129.73] 0 770836 3 340 0.26 0.11 -0.59 1) ,         1 1                     S 

5b 
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Al v 

(•round State 14*2**2/»» *VU 

lonization Potential 153.77 eV= 1240600 cm- 

Allowed Transitions 

The value for the 2s*2p52P° — 2s2p*2S multiplet is calculated from the nuclear charge-expan- 
sion method of (lohen and Dalgarno [1]. It may be quite uncertain since configuration interaction 
effects with configurations involving the n = 3 shell electrons, which were not included in this 
calculation, may be significant. 

Reference 

[1| Cohen. M.. and Daluarrio. A.. Fror. Roy. Sue. London A280, 258-270 <1%4|. 

Alv. Allowed Transitions 

No. Transition 
Array 

Multiple! A(Ä) A;,(cm ') £»(<m ') A'i «r /!»■.< 10" sec"'1 /« S(at.u.) log «A Accu- 
racy 

Source 

1 2s22pv — 2s2/<" -•p°--'S 27V.59 

1278.70] 
[281.40] 

1147 

0 
3440 

358810 

358810 
358810 

6 

4 
2 

2 

2 
2 

320 

210 
100 

0.12 

0.12 
0.12 

0.68 

0.45 
0.23 

-0.14 

-•0.32 
-0.62 

D 

D 
D 

1 

Is 

Alv 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

[11 Naqvi. A. M.. Thesis Harvard (1951). 

Al V.    Forbidden Transitions 

No. 
Transition 

Array Multiple! MÄ) £,<cm ■) fitkm-'l n< tik 
Type of 
Transi- 

tion 
/».(sec') S(at.u.) 

Accu- 
racy Source 

1 2p*-2p» 2[>°_ 2[>° 

[29062] 0 3440 
  

4 2 m 0.731 1.33 A 1. 

308-022 0-69—1 
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Al vi 

(»round State \s-2s22i)':tl\ 

Ioni/.ation Potential 190.42 eV= J 536300 rm  ' 

Allowed Transit ions 

The values are calculated from the charge-expansion method of Cohen and Dalgamo [1| which 
includes limited configuration mixing. Krom comparison!« with other ions in the isoelectronic 
sequence, uncertainties should he within 50 percent. 

Reference 

[1] Cohen. M.. and Daljwrii», A.. I'm.. Roy. Sue. London A280, 258-270 (I9641. 

Al VI.   Allowed Transitions 

No. Transition Mulliplct X(Ät £,(<m 'i A'vlcm ') # Hi. /**,-< I0"«ec ') h .Slut.u.) log «/ Arm- Source 
Array ra<> 

1 2s-2pA-2s2/r' :ip_:ipo .0)9.68 i:m M4249 9 9 140 0.2! 1.9 0.28 I) 1 

[309.60] 0 323002 5 5 110 0.16 0.79 -0.10 I) Is 
309.8* 2736 325470 3 3 36 0(b2 0.16 -0.81 I) Is 
307.25 0 325470 5 3 61 0.051 0.26 -0.59 1) Is 
308.56 2736 326822 3 1 140 0.069 0.21 -0.64 I) Is 
312.24 2735 323002 3 5 35 0.084 0.26 -0.60 I) Is 

[310.91] 3831 325470 1 3 47 0.21 0.21 -0.68 1) Is 

2 'D-'P' [243.76] 41600 451840 5 3 240 0.13 0.51 -0.19 I) 1 

3 'S-'P° [275.35] 88670 451840 1 3 36 0.12 0.11 -0.92 1) 1 

Al vi 

Forbidden Transitions 

As in the case of Na IV the adopted values are taken from Naqvi [1], and Malvillc and Berger 
[2]. For a discussion on the selection of values see Na IV, since the same considerations have been 
applied. 

References 

[1| Naqvi. A. M.. Thesis Harvard (1951). 
|2) Malville. J. M., and Berger. K. A., Planetary and Spare Science 13, 1131 (1965). 
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Al VI.    Forbidden Transitions 
  

Transition Type <>f Accu- 
No. Array Multiple! K(k) £,(cm') fitlcm-'J ft AM- Transi- 4A/(sec1) .S'lar.u.) racy Source 

tion 

1 2/,'-v' <P_'P 
36540 0 2736 5 3 e 6.1 x 10-' 0.071 C- 1.2 
36540 0 2736 5 3 m 0.461 2.50 B 1 
260961 0 3331 5 1 e 4.3 X 10-« 0.0310 C- 2 
91300] 2736 3831 3 1 m 0.0708 2.00 B 1.2 

2 iP-'D 
2403.1 0 41600 5 5 e 0.0037 8.8X10' D- 1.2 
2403.1 0 41600 5 5 m 5.2 0.0133 C 1 
2572.3 2736 41600 3 5 e 3.7 x 10-' 1.3 x 10-' D- 1,2 
2572.3 2736 41600 3 5 m 1.40 0.00443 C 1 

[2646.9] 3831 41600 1 5 e 1.3x10' 5.1 x 10-» C- 2 

3 'I'-'S 
11127.8] 0 88670 5 1 e 0.056 6.1X10» D- 2 
[116.1.7] 2736 88670 3 1 m 6! 0.00356 C 2 

I l)-'S 
[2123.8] 41600 88670 5 1 e 4.8 0.123 C- 2 

(irnund State 

lonization Potential 

Al vii 

Allowed Transitions 
241.38 eV= 1947390 cm"' 

Values for all the listed transitions are calculated from the nuclear charge-expansion method 
of Cohen and Dalgarno [1], which includes limited configuration mixing. Judged from graphical 
comparisons with other ions in the isoelectronic sequence and from the general success of Cohen 
and Dalgarno's method for similar atomic systems, uncertainties within 50 percent are indicated. 

Reference 

|1| C»hen.M..andDalt!arn().A..Proc. Roy. Soc. London 4280,258-270(1964). 

Al VII.    Allowed Transitions 

No. Transition 
Array 

Multiple! Al A) £,<<m'l £*(cnr'| # A'A Aki(HT sec1) Jk .S'lal.u.) l»£t(f Accu- 
racy 

Source 

1 2s*2/>,-2*2p' <s°—«p 355.05 0 281647 4 12 41 0.24 1.1 -0.02 D 1 

[356.89] 0 280200 4 6 41 0.12 0.55 -0.32 D Is 
353.78 0 282660 4 4 42 0.079 0.37 -0.50 D Is 

[352.16] 0 283960 4 2 42 0.039 0.18 -0.81 D Is 

2 -•D°--'D 3W.08 60736 384280 10 10 % 0.14 1.4 0.15 D 1 

[309.12] 60760 384260 6 6 89 0.13 0.78 -0.11 D Is 
309.01] 60700 384310 4 4 86 0.12 0.50 -0.32 D Is 
309.071 60760 384310 6 4 9.6 0.0092 0.056 -1.26 E Is 

[309.06, 60700 384260 4 6 6.4 0.014 0.056 -1.25 £ Is 
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Al VII.    Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! Al A) Eiltm ') £*<cm ') m fr 41,(10" sec ') /» .S'lat.u.) l»ü «/ Accu- 
racy 

D 

Source 

3 SD°-*P 240.19 607H6 477077 10 6 340 0.18 1.4 0.26 1 

240.77 
239.03 
240.74' 

60760 
60700 
60700 

476090 
479050 
476090 

6 
4 
4 

4 
2 
4 

300 
350 
34 

0.18 
0.15 
0.029 

0.84 
0.47 
0.093 

0.03 
-0.22 
-0.94 

Ü 
D 
D 

Is 
Is 
Is 

4 2po_2D :ms2 93180 384280 6 10 15 0.046 0.31 -0.56 D 1 

343.65 
343.28 
343.60 

93270 
93000 
93270 

384261? 
384310 
384310 

4 
2 
4 

6 
4 
4 

16 
13 
0.021 

0.042 
0.044 
0.0046 

0.19 
0.10 
0.021 

-0.77 
-1.06 
-1.74 

D 
D 
E 

/s 
Is 
Is 

5 2po_,S 279.19 93180 451360 6 2 210 0.082 0.45 -0.31 D 1 

[279.26] 
[279.05] 

93270 
93000 

451360 
451360 

4 
2 

2 
2 

140 
70 

0.082 
0.082 

0.30 
0.15 

-0.48 
-0.79 

D 
I) 

Is 
h 

6 ,po_2p 260.49 93180 477077 6 6 100 0.10 0.54 -0.22 D 

261.22 
259.03 
259.22 
261.04 

93270 
93000 
93270 
93000 

476090 
479050 
479050 
476090 

4 
2 
4 
2 

4 
2 
2 
4 

85 
70 
35 
17 

0.087 
0.070 
0.018 
0.035 

0.30 
0.12 
0.060 
0.060 

-0.46 
-0.85 
-1.14 
-1.15 

D 
D 
E 
E 

Is 
Is 
Is 
Is 

Al vii 

Forbidden Transitions 

All the values for this ion have been taken from Pasternack [1]. The electric quadrupole 
values have been corrected by applying Naqvi's value [2] for the electric quadrupole moment sv. 

References 

[11 Pasternack. S.. Astrophys. J. 92,129 (1940). 
[2] Naqvi. A. M.. Thesis Harvard (195!). 

Al VII.   Forbidden Transitions 

N«. 
Transition 

Array Multiplet MÄ) £/(cm-') Ek(vm-') Hi A'» 
Type of 
Transi- 

tion 
'»ilsec"') .S'(al.u.) 

Accu- 
racy Source 

1 2p;,-2/>:' <S0-*D° 

[1645.8] 
[1645.8] 
[1647.11 
[1647.4] 

0 
0 
0 
0 

60760 
60760 
60700 
60700 

4 
4 
4 
4 

6 
6 
4 
4 

m 
e 

m 
e 

0.0046 
0.0018 
0.26 
0.0011 

4.56 x 10 « 
7.8 x 10-» 
1.72x10-« 
3.3 x 10» 

C- 
D- 
C- 
D- 

1 
1.2 

1 
1.2 

2 4S=_jpo 

[1072.2] 
[1072.2] 
[1075.31 
[1075.3] 

0 
0 
0 
0 

93270 
93270 
93000 
93000 

4 
4 
4 
4 

4 
4 
2 
2 

m 
e 

m 
e 

29 
1.8x10* 

12 
1.4 x 10-» 

0.0053 
6.2x10 " 
0.00111 
7.5 x 10" 

C 
D- 

D- 

1 
1.2 

1 
1.2 



Al VII.    Forbidden Transitions—Continued 

Transition Type of Accu- 
No. Array Multiple! MÄ) £((cm_l) ft(cnf') Si Sk Transi- 

tion 
^*/(sec-') S(»t.u.) racy Source 

3 •![)»_ jjjo 

[16.7 x 10s] 60700 60760 4 6 m 2.33X10" 2.40 B 2 
[16.7 x lös] 60700 60760 4 6 e 1.2X10" 5.4 x \ir* D- 1,2 

4 ,Do_2po 

(IF) 
3074.0 60760 93270 6 4 m 4.6 0.0198 C 1 
3074.0 60760 93270 6 4 e 0.3! 0.20 D 2 
3093.4 60700 93000 4 2 m 5.1 0.0112 C 1 
3093.4 60700 93000 4 2 e 0.25 0.086 D 2 
3098.7 60760 93000 6 2 e 0.17 0.058 D 2 
3068.8 60700 93270 4 4 m 8.5 0.0366 C 1 
3068.8 60700 93270 4 4 e 0.13 0.085 D 2 

5 ■ip° _ »p° 

[37.03 X 10«] 93000 93270 2 4 m 1.77 X10-4 1.33 B 2 
[37.03 x 10*] 93000 93270 2 4 e 1.6 X 10-" 2.6 x 10-< D- 1,2 

Al viii 

(Ground State 

Ionization Potential 

1J*2J*2/#* 
:,P„ 

284.53 eV= 2295500 CM-
1 

Allowed Transitions 
List of tabulated lines: 

Wavelength |Ä| No. Wavelength |ÄJ No. Wavelength [A] No. 

247.39 
248.46 
250.14 
251.34 
285.47 

3 
3 
3 
5 
4 

325.32 
328.20 
381.11 
383.66 
383.76 

2 
2 
1 
1 
1 

387.97 
1111.6 
1118.7 
1131.1 
1206.3 

1 
8 
8 
8 
7 

287.04 
323.49 

6 
2 

387.67 
387.78 

1 
1 

1223.5 
1280.4 

7 
7 

Most data are obtained from the charge-expansion method of Cohen and Dalgarno [1] which 
includes limited configuration mixing. Graphical comparisons of this material within the isoelec- 
tronic sequence depicting the dependence of/-values on nuclear charge have been made, and the 
available experimental data for the lower ions, mostly from lifetime measurements, establish fairly 
definitely that the uncertainties should not exceed 50 percent. Analogous graphs for the data ob- 
tained from the Coulomb approximation indicate that these values are accurate within 25 percent. 

Reference 

|i| Cohen. M.. and Dalgarno, A.. Proc Roy. Sor. London A280, 258-270 (1964). 
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AI VIII.    Allowed Transitions 

No.       Transition Multiple AlAl /■.'/(cm '1 r.'ilcin '» Hi Hi. .4w(10"sec ') A .S'tat.u.) W «/ Accu- Source 
Array 

:MK.76 :m? 

racy 

D + 1 2jJ2p:!-2j2pl •H_»D° 262273 <) 15 24 0.087 1.0 -0.11 1 

387.97] 4440 262190 5 7 23 0.074 0.47 -0.43 D + Is 
383.76| 1740 262320 3 5 18 0.066 0.25 -0.70 D + Is 
381.111 0 262390 1 3 13 0.088 0.11 -1.06 D Is 
387.781 •♦440 262320 5 5 5.8 0.013 0.083 -1.19 D Is 
383.66] 1740 262390 3 3 9.9 0.022 0.083 -1.18 D Is 
387.671 4440 262390 5 3 0.65 8.8X10 4 0.0056 - 2.36 E Is 

2 jp_;ip° 326.71 3047 309130 9 9 62 0.099 0.96 -0.05 D 1 

[328.20] 4440 309130 5 5 46 0.074 0.40 -0.43 D Is 
[325.321 1740 309130 3 3 16 0.025 0.080 -1.12 E Is 
[328.20) 4440 309130 5 3 25 0.024 0.13 -0.92 D- Is 
[325.321 1740 309130 3 1 65 0.034 0.11 -0.99 D- Is 
[325.32] 1740 309130 3 5 15 0.040 0.13 -0.92 D- Is 
[323.49] 0 309130 1 3 22 0.10 0.11 -1.00 D- Is 

3 :ip_:iSo 24<K27 3047 404220 9 3 350 0.11 0.81 0.00 D + 1 

[250.14] 4440 404220 5 3 190 0.11 0.45 -0.26 D + Is 
[248.46J 1740 404220 3 3 120 0.11 0.27 -0.48 D + Is 
[247.39] 0 404220 1 3 40 0.11 0.090 -0.96 D + Is 

4 'D-'D° [285.47] [46690] [396990] 5 5 170 0.21 1.0 0.02 D I 

5 'D-'P° [251.341 [46690] 1444550] 5 3 230 0.13 0.53 -0.19 D 1 

6 •S-'P8 [287.04] [96170] (444550] 1 3 60 0.22 0.21 -0.66 D- 1 

7 2p3$- 
2p(2P°)3p 

:'P°—'S 1252.5 1322337 1402180 9 3 6.2 0.0485 1.80 -0.360 c: ca 

[1280.41 1324080 1402180 5 3 3.22 0.0474 1.00 -0.63 C Is 
[1223.5] 1320450 1402180 3 3 2.21 0.0497 0.60 -0.83 C Is 
[1206.3] 1319280 1402180 1 3 0.77 0.050 0.200 -1.301 C Is 

8 2p3p- 
2pC-P°)3d 

:.S_:ip= 1124.7 1402180 1491080 3 9 4.65 0.265 2.94 -0.100 C ca 

[1131.1) 1402180 1490590 3 5 4.56 0.146 1.63 -0.358 C Is 
[1118.7] 1402180 1491570 3 3 4.73 0.089 0.98 -0.57 c Is 
[1111.6] 1402180 1492140 3 1 4.82 0.0298 0.327 -1.049 c Is 

_ 

- 
I 

Al viii 

Forbidden Transitions 

The adopted values represent, as in the case of Na VI, the work of Naqvi [1], Malville and 
Berger [2], and Froese [3]. For the selection of values, the same considerations as for Na VI are 
applied, the one exception beinj.', that Froese's magnetic dipole values are also used. Since the 
observed energy levels are uncertain, it is felt that the "spin-orbit" and "spin-spin and spin-other- 
orbit" integral* £ and TJ calculated from her theoretical energy levels will be as accurate as the 
experimental ones. 

References 

[1] Naqvi, A. M., Thesis Harvard (1951). 
[2] Malville. J. M.. and Berger, R. A., Planetary and Space Science 13, 1131 (1965). 
[3] Froese. C. Astruphys. J. 145, 932 (1966). 
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Al VIII.  Forbidden Transitions 

No. 
Transition 

Array Multiple! A(A) £i(cm~') ft(cnr') Hi Kk 

Type of 
Transi- 

tion 
•f»j(sec ') S(al.u.) 

Accu- 
racy Source 

i tp*-2p* •ip_:ip 
[57456] 
[22516] 
[37027] 
[37027] 

0 
0 

1740 
1740 

1740 
4440 
4440 
4440 

1 
1 
3 
3 

3 
5 
5 
5 

m 
e 

m 
e 

0.0948 
1.38X10-* 
0.265 
2.55 X 10-' 

2.00 
0.0237 
2.49 
0.053 

A 
C 
B 
C 

1, 3 
3 

1, 3 
3 

2 'F-'D 
[2141.1] 
[2224.0] 
[2224.0] 
[2366.1] 
[2366.1] 

0 
1740 
1740 
4440 
4440 

[46690] 
[46690] 
[46690] 
[46690] 
[46690] 

1 
3 
3 
5 
5 

5 
5 
5 
5 
5 

e 
m 
e 

m 
e 

2.5 x 10-« 
3.34 
8^6 x 10-« 
8.3 
0.0044 

3.4 XlO-5 

0.0068 
1.4 XlO-4 

0.0204 
9.8 X 10-4 

D 
C 
D 
C 
D 

3 
1,2,3 

3 
1,2,3 

3 

3 :.p_iS 

[1059.0] 
[1090.2] 

1740 
4440 

[96170] 
[96170] 

3 
5 

1 
1 

m 
e 

92 
0.088 

0.00407 
8.1X10-5 

C 
D 

2,3 
3 

4 'D-'S 
[2020.4] [46690] [96170] 5 1 e 4.79 0.096 C 3 

(•round State 

lonization Potential 

Al ix 

Allowed Transitions 
List of tabulated lines: 

Uä2ss2p *P?« 

330.1 eV = 2663.340 cm"1 

Wavelength |A| No. Wavelength [A] No. Wavelenj-'th |A] No. 

60.896 11 305.10 2 397.24 7 
61.069 11 308.01 6 397.61 7 
61.078 11 308.23 6 433.97 9 
66.621 10 316.86 4 434.42 9 
66.839 10 318.56 4 439.68 9 

280.15 3 321.11 4 440.14 9 
282.52 3 384.59 5 603.21 8 
284.04 3 384.a5 5 614.29 8 
286.48 3 385.03 1 614.97 8 
300.62 2 392.42 1 

Values for the majority of the transitions are calculated from the nuclear charge-expansion 
method of Cohen and Dalgarno [1], which includes limited configuration mixing. Graphical com- 
parisons with other data for the lower ions of this isoelectronic sequence indicate tha» the un- 
certainties should be within 50 percent. 

For the 2p 2P°—3s 2S and 2p 2F°—3d 2D multiplets we have obtained data by exploiting the 
dependence of /-values on nuclear charge: In these cases accurate data for several other ions of 
the boron sequence are available from extended self-consistent field calculations by Weiss [2] in 
which configuration mixing is fully included. Utilizing those values, which are also supported by 
some experimental results on lower ions, we have obtained the/-va!uesof the two transitions simply 
by graphical interpolation. 

|1| Cohen, M., and Daliiarno. A., Pro«-. Roy. Sue. 
|2| Weiss. A. W.. private communication (1%7). 

References 

London A280, 258-270 11964). 
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AlIX.   Allowed Transitions 

Ni). Transition       Multiple! xiA) A'ltclll  ') £tli-m ') m ft AtAliPwv ■') A Mai.ii.) IW Accu- Source 
Array racy 

1 2s*2p-2i2p* ip°_2[) 389.92 ma 259720 6 10 21 0.079 0.61 -0.32 D 1 

[392.42 
1385.03 
1392.42 

4890 
0 

4890 

259720 
259720 
259720 

4 
2 
4 

6 
4 
4 

21 
18 
3.4 

0.072 
0.079 
0.0079 

0.37 
0.20 
0.041 

-0.54 
-0.80 
-1.50 

I) 
D 
E 

Is 
Is 
Is 

2 ipo _ J£ 303.59 3260 332650 6 2 87 0.040 0.24 -0.62 D + 1 

1305.10] 
1300.62] 

4890 
0 

332650 
' 332650 

4 
2 

2 
2 

57 
30 

0.040 
0.040 

0.16 
0.080 

-0.80 
-1.10 

D + 
D + 

Is 
Is 

3 «po_»p 283.53 3260 MSVXt 6 6 160 0.20 1.1 0.08 D + 1 

1284.04] 
[282.52] 
[286.48] 
[280.451 

4890 
0 

4890 
0 

356950 
353960 
353960 
356950 

4 
2 
4 
2 

4 
2 
2 
4 

130 
110 
52 
28 

0.16 
0.13 
0.032 
0.065 

0.61 
0.24 
0.12 
0.12 

-0.19 
-0.59 
-0.89 
-0.89 

D + 
D + 
D 
D 

Is 
Is 
Is 
Is 

4 2s2ps-2p» 4p_4S0 319.54 [148963] [4619101 12 4 150 0.077 0.97 -0.03 D + 1 

1321.11] 
[318.56] 
1316.86) 

[150490] 
[148000] 
[146310) 

[461910] 
(461910) 
[461910] 

6 
4 
2 

4 
4 
4 

75 
50 
25 

0.077 
0.076 
0.077 

0.49 
0.32 
0.16 

-0.34 
-0.52 
-0.81 

D + 
D + 
D + 

Is 
Is 
Is 

5 *D-2D° 384.75 259720 519632 10 10 43 0.095 1.2 -0.02 D + 1 

[384.851 
[384.591 
[384.59] 
[384.851 

259720 
259720 
259720 
259720 

519560 
519740 
519740 
519560 

6 
4 
6 
4 

6 
4 
4 
6 

40 
38 
4.3 
2.8 

0.088 
0.085 
0.0063 
0.0095 

0.67 
0.43 
0.048 
0.048 

-0.28 
-0.47 
-1.42 
-142 

D + 
D + 
E 
E 

Is 
Is 
Is 
Is 

6 S0_2P° 308.08 259720 584310 10 6 70 0.060 0.61 -0.22 D 1 

1308.01] 
1308.23] 
J3O8.01] 

259720 
259720 
259720 

584390 
584150 
584390 

6 
4 
4 

4 
2 
4 

64 
69 

7.1 

0.061 
0.049 
0.010 

0.37 
0.20 
0.041 

-0.44 
-0.71 
-1.40 

D 
D 
E 

Is 
Is 
Is 

7 2S — *P° 397.36 332650 584310 2 6 13 0.095 0.25 -0.72 D 1 

[397.24] 
1397.61] 

332650 
332650 

584390 
584150 

2 
2 

4 
2 

14 
13 

0.063 
0.032 

0.17 
0.083 

-0.90 
-1.19 

D 
D 

Is 
Is 

8 2p_2Do 610.95 355953 519632 6 10 11 0.099 1.2 -0.23 D 1 

|614.97| 
[603.21] 
[614.29| 

356950 
353960 
356950 

519560 
519740 
519740 

4 
2 
4 

6 
4 
4 

10 
9.2 
1.7 

0.089 
0.10 
0.0099 

0.72 
0.40 
0.080 

-0.45 
-0.70 
-1.40 

D 
D 
E 

Is 
Is 
Is 

9 sp_'P° 437.91 35S953 584310 6 6 44 0.13 1.1 -0.11 D 1 

[439.68] 
[434.42| 
[440.141 
[433.97] 

356950 
353960 
356950 
353960 

584390 
584150 
584150 
584390 

4 
2 
4 
2 

4 
2 
2 
4 

36 
30 
14 
7.4 

0.11 
0.084 
(».021 
0.042 

0.61 
0.24 
0.12 
0.12 

-0.36 
-0.77 
-1.08 
-1.08 

D 
D 
D- 
D- 

Is 
Is 
Is 
Is 

10 2p-i'S)3s 
sr-»s 66.766 3261) 1501020 6 2 1000 0.023 0.030 -0.86 C interp 

[66.8391 
[66.621] 

4890 
0 

1501020 
1501020 

4 
2 

2 
2 

680 
340 

0.023 
0.023 

0.020 
0.010 

-1.04 
-1.34 

Is 
Is 

11 2p-i'S)3d ?po_JD 61.012 3261) 1642284 6 10 6700 0.62 0.75 0.57 interp 

[61.069] 
160.8961 
161.078] 

4890 
0 

4890 

164238G 
1642140 
1642140 

4 
2 
4 

6 

4 

6700 
5600 
1100 

0.56 
0.62 
0.062 

0.45 
0.25 
0.050 

0.35 
0.09 

-0.61 Ü 

Is 
Is 
Is 
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Al ix. 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

II) Naqvi, A. M., Thesis Harvard (1951). 

Al ix.    Forbidden Transitions 

No. 
Transition 

Array Multiple! MÄ) Ei(cm'1) £*(cm-') Pi Kk- 

Type of 
Transi- 

tion 
,4n(sec-') S(at.u.) 

Accu- 
racy Source 

1 2p-('S)2p •jpo :»p0 

[20444] 0 4890 2 4 m 1.05 1.33 A 1 

Alx 

Ground State l&s* 'So 

lonization Potential 398.5 eV = 3215340 cm"1 

Allowed Transitions 

Garstang and Shamey [1] have obtained the/-value for the intercombination line 2'So —23P| 
by calculating the ratio of this line against the resonance transition in the intermediate coupling 
approximation and by using for the resonance line a value calculated according to Cohen and 
Dalgarno's method [2]. The data calculated from the charge-expansion method of Cohen and 
Dalgarno, [2] which includes limited configuration mixing, are estimated to be usually accurate 
to 50 percent or better, while the charge-expansion method of Naqvi and Victor [3] should be less 
reliable when the effects of configuration interaction are strong, since these are neglected entirely. 
In assigning the accuracy estimates for these methods as well as for the Coulomb approximation 
we were to a great extent guided by studying the c'egree of fit of the data into the systematic trends 
along isoelectronic sequences. 

References 

|1| (Jarstang, R. H.. and Shamey, L. J., Astrophys. J. 148, 665-666 (1967). 
|2| Cohen. M., and Dalgarno. A.. Proc. Roy. Soc. London A280, 258-270 (1964). 
[3] Naqvi, A. M.. and Victor, G. A., Technical Documentary Report No. KTD TrW-M-SMS (19641. 
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AI X.   Allowed Transitions 

No, 

... 

Transition 
Array 

Multiple! MK\ KiWm ') Etlcm 'I Mi A .4i,(10»S.T    '! fa .Slut.u.l W K( Accu- 
racy 

1 2s-'-2*(-S)2p Ig—tp» 
[638.81] 0 [156540] 1 3 0.0026 4.7 x 10 •• 9.6 X 10 ■"' -4.33 1) 

2 'S—•P° [332.89] 0 3000)0 1 3 57 0.287 0.314 -0.54 <: 

3 2*2p-2p2 .'lp°_.ip 400 M) [ias:'8ä] [4H7823] 9 9 49 O.i 2 1.4 0.03 D-r 

401.19 
400,43 

1406.39 
1-^3.62 
[395.38 
[397.74 

160200 
156540 
160200 
156540 
156540 
154850 

409460 
406270 
406270 
404300 
409460 
406270 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

36 
13 
19 
49 
12 
17 

0.089 
0.030 
0.028 
0.040 
0.049 
0.12 

0.58 
0.12 
0.19 
0.16 
0.19 
0.16 

-0.35 
-1.05 
-0.85 
-0.92 
- 0.83 
- 0.92 

l) + 
D- 
D- 
D- 
l>- 
D- 

4 'P°_'D [673.67] 300400 448840 3 5 10 0.12 0.77 -0.44     I>- 

5 •P°-'S [395.46] 300400 553270 3 1 95 0.074 0.29 -0.65      K 

6 2s--2s(iS)ip lS_ll»o [51.979] 0 1923850 1 3 4800 0.58 0.10 -0.24 K 

7 2s2p-2i(-S)3.« ipo_,S [63.134] 300400 1884330 3 1 380 0.0075 0.0047 - 1.65 K 

8 2s3*-2s(-S)3/> lS_,po [2529.61 1884330 1923850 1 3 0.60 o.:?4 1.45 -0.76 <: 

9 2p3s-2p(-,P°)3p ![•'-_ ip [26659] 2090980 2094730 3 3 5.0X 10 » 0.0054 1.41 -1.79 <: 

10 'P0_"D [1744.0] 2090980 2148320 3 5 1.93 0.147 2.53 -0.356 <: 

11 2s3p-2s<:!S)3</ ip°_JD [1462.0] 1923850 1992250 3 5 2.68 0.143 2,07 -0.368 c 
12 2p3p-2p{i\,a)3d ' P —' D° [2175.1] 2094730 2140690 3 5 0.56 0.067 1.43 -0.70 c 
13 >D-'F' [2285.5] 2148320 2192060 5 7 0.72 0.079 2.96 -0.403 <: 

Source 

1» 

2 

2 : 

Is 
Is 
Is i 
Is 1 
Is 1 
Is : 

2 : 

■1 

3 
s 

• 

3 
'■}. 

<i 

3 i: 
• 

cu ' 

A1X 
Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The results for the 'P°—>P transi- 
tions are essentially independent of the choice of the interaction parameters. For the :,P° —'P° 
transitions, Naqvi uses empiri' \\ term intervals, i.e., the effects of configuration interaction should 
be partially included. 

Reference 
|1| Naqvi. A. M.. Thesis Harvard (l%t). 

Al X. Forbidden Transitions 

N... 
Transition 

Array Multiple! MÄ) fc'i(em ') £*(enr') Pi Mk 
Type of 
Transi- 

tion 
hAM-C   >) .S'lut.u.) 

2.00 
2.50 

6.3 x 10 * 
0.0266 
7.9X10 ■* 

Accu 
racy 

1 

2 

2s2p-2sCS)2p .■ipf — ip» 

,ip°_ ipo 

[59156 
[27315 

687.05 
695.12 
713.27 

[154850 
[156540 

[154850j 
rr.6540 
i   <>0200 

[156540] 
[160200] 

300400 
300400 
300400 

1 
3 

1 
3 
5 

3 
5 

3 
3 
3 

m 
m 

m 
m 
m 

0.0869 
0.662 

17.5 
710 

19.6 

A 
A 

C 
c 
c 

Source 
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4Ixi 

Ground State ls*2s*S,i, 

lonization Potential 441.9 eV = 3564900 cm- 

Allowed Transitions 

For the transition 2s~2p, the charge-expansion calculation of Cohen and Dals;arno [1] is 
chosen. An uncertainty of less than 10 percent is indicated from the graphical comparison of this 
value with the other material for the same transition within the isoelectronic sequence. Data for 
the other listed transitions have been obtained from the Coulomb approximation. Plots of the 
dependence of the/value on nuclear charge for all these transitions have been made and show that 
this material connects up very smoothly with the data for the lower ions as well as with the hydro- 
genic value for infinite nuclear charge. Based on this impressive agreement, accuracies of 10 
percent (or 25 percent for some of the smaller values) are indicated. 

Reference 

|1| Cohen, VI., and Dalgarmi, A.. Pror. Koy. Sue. London A280, 258-270 (1964). 

Al XI.    Allowed Transitions 

N... Transition 
Array 

Multiple! A(A) E,«nr') £i(rm ': A A l4w(lu"see-') ./;* .Slat.u. I l«'C Kf Accu- 
racy 

Source 

1 2s-2p 2S_2|>= ,i.i6.o:i 0 1791 47 2 6 8.35 0.116 0.425 -0.634 B 1 

[549.99] 0 181820 2 4 8.62 0.0782 0.283 -0.806 B Is 
[568.50| 0 175900 2 2 7.83 0.0379 0.142 -1.120 B Is 

2 2.S-3/* ,s_2|,o 48JII 0 2069937 2 6 3140 0.330 0.105 -0.180 B ca 

148.297] 0 2070520 2 4 3150 0.220 0.0700 -0.357 B Is 
148.338] 0 2068770 2 2 3140 0.110 0.0350 -0.658 B Is 

3 2/)-3s 2|>o_2.S 54.M0 I7')847 2020460 6 2 1469 0.0215 0.0231 -0.889 B ca 

(54.388] 181820 2020460 4 2 970 0.0215 0.0154 -1.066 B Is 
154.213) 175900 2020460 2 2 490 0.0216 0.00770 -1.365 B Is 

4 2/>-3</ 2|>o_2r) 52..WH 179847 20SH.il6 6 10 9800 0.672 0.696 0.606 B ca 

152.446] 181820 2088540 4 6 9780 0.605 0.418 0.38-t B Is 
|52.299| 175900 2087980 2 4 8210 0.674 0 232 0.130 B Is 
[52.4611 181820 2087980 4 4 1630 0.0672 0.0464 -0.571 R Is 

5 2/>-4</ 2|>° _2[) [39.1501 179847 2734140 6 10 3210 0.123 0.095 -0.132 C + ca 

6 3s-3/> *S — 2I'° 2020.5 2020460 20u99.\7 2 6 1.06 0.194 2.58 -0.410 B ca 

11997.6] 2020460 2070520 2 4 1.09 0.131 1.72 -0.582 B Is 
|2069.3| 2020460 2068V70 2 2 0.983 0.0631 0.860 -0.900 B Is 

7 3p-3rf 2[»°_2[) .5«V..5 20699.17 2088.il 6 6 10 0.0424 0.0314 3.37 -0.725 B ca 

|5547.9| 2070520 2088540 4 6 0.0399 0.0276 2.02 -0.957 B Is 
[5204.2] 2068770 2087980 2 4 0.0402 0.0327 1.12 -1.184 B Is 
|5725.8j 2070520 2087980 4 4 0.00607 0.00298 0.225 -1.924 B Is 

8 3/>-4</ 2|»o_2D [150.56] 20699:17 2734140 6 10 1020 
.-   
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Al xii 

Ground Stale l52,S„ 

Ionization Potential 2Ü85.46 eV= 16825000 cm ' 

Allowed Transitions 

The values for this ion are calculated from the charge-expansion method of Daljiirno and 
Parkinson [1]. From comparisons with the more refined variational calculations by Weiss [2] 
for lower members of this isoelectronic sequence, uncertainties are estimated not to exceed 
10 percent. It should be pointed out that essentially identical results are obtained by extrapolating 
the data of Weiss towards the high members of the isoelectronic sequence (see fig. I [2]). 

References 

[1] Dalgarno. A., and Parkinson. E. M.. Proc. Roy. Soc. London A301, 253-260 (1%7). 
|21 Weiss, A. W.. J. Research Nat. Bur. Standards 71A, 163-168 (1%7). 

Al XII. Allowed Transitions 

No. Transition 
Array 

Multiple! Kik) EMm ') fittcm ') Hi A .4»-i(10"sec  ') h .S(at.u.l W Kl Accu- 
racy 

Source 

1 

2 

3 

h2-li2p 

Is2- ls3p 

U2-\s4p 

'S-'P° 

'S-'P° 

iS_ip° 

17.75681 

[6.6345] 

[6.3137) 

0 

0 

0 

12891900 

15072700 

15838600 

1 

1 

1 

3 

3 

3 

2.78 x 10s 

7.72 x 104 

3.19 X104 

0.752 

0.153 

0.0573 

0.0192 

0.00334 

0.00119 

-0.124 

-0.815 

-1.242 

B 

b 

B 

1 

1 

1 
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(»round State 

SILICON 
Sir 

.l5*2s*2p«35*3p*3Po 

lonization Potential 8.151 eV = 65747.5 cm- 

i 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A) No. Wavelength [Ä] No. Wavelength [k] No. 

2207.98 2 4947.61 25 7970.31 31 
2210.89 2 5006.06 24 8035.62 31 
2211.74 2 5597.94 17 8074.57 31 
2216.67 2 5622.22 17 8093.24 32 
2218.06 2 5645.61 61 8680.08 27 

2218.92 2 5665.55 16 9413.51 14 
2438.77 4 5684.48 17 10288.9 11 
2443.36 4 5690.43 16 10371.3 11 
2452.12 4 5701.11 16 10585.1 11 
2506.90 3 5708.40 16 10603.4 10 

2514.32 3 5754.22 16 10661.0 10 
2516.11 3 5772.15 20 10689.7 28 
2519.20 3 5780.38 15 10694.3 28 
2524.11 3 5793.07 15 10727.4 28 
2528.51 3 5797.86 15 10749.4 10 

2881.58 6 5806.2« 15 10784.6 28 
2970.36 5 5859.20 15 10786.9 10 
2987.65 5 5872.71 15 10827.1 10 
3006.74 1 5948.55 19 10843.9 26 
3020.00 1 6331.95 18 10869.5 13 

3905.52 8 6518.73 35 10882.8 28 
4102.94 7 6553.9 35 10976.3 28 
4721.57 23 6555.46 35 10979.3 10 
4738.83 23 6560.56 35 11984.2 9 
4747.99 22 6624.2 35 11991.6 9 

4755.28 22 6631.05 35 12031.5 9 
4772.79 22 6721.85 33 12103.5 9 
4782.99 23 6976.52 34 12270.7 9 
4792.21 22 7003.57 34 12395.8 9 
4792.32 22 7005.88 34 15361.2 29 

4805.44 21 7016.74 34 15557.8 29 
4817.59 22 7083.95 34 15884.4 29 
4818.06 21 7097.47 34 15888.4 12 
4821.17 21 7680.27 30 15960.0 29 
4823.31 21 7918.39 31 16060.0 29 

4866.88 21 7932.35 31 16094.8 29 
4869.07 21 7944.00 31 

!  i 

i 

The results of the intermediate coupling calculations by (»arstang and Dawe [1] for two inter- 
combination lines in the 3s23/>2 — 3s3//' array should be quite uncertain, since these authors have 
normalized their values by means of a transition integral averaged from the Coulomb approxi- 
mation and Varsavsky's [6] screening approximation, which do not contain the important con- 
figuration interaction effects. The lifetime measurements of Savage and Lawrence [2, 3] with 
the phase shift technique provide an accurate absolute scale for several other transitions. The 
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intermediate coupling; calculations of Lawrence [3] anil the results of litt anomalous dispersion 
experiment of Slavenas [4] have been normalized to this scale. The two normalized sets of data 
agree within a few percent. Finally, numerical values are available for two lines from the wall- 
stabilized arc experiment of Hey [5]; but the uncertainties are hardly smaller than 50 percent 
because of the occurrence of demixing effects in this type of arc. which were not taken into account. 

Since the above-listed sources provide data for only nine multiplets, the Coulomb approx- 
imation has been extensively applied to this spectrum in order to have many prominent lines 
represented. On the basis of the comparison material available for analogous transitions of neigh- 
boring atoms and on the basis of the general success of the Coulomb approximation, accuracy 
assignments of 50 percent are normally indicated for the selected lines. But. in as much as these 
comparisons are quite insufficient, the present assignments can only be regarded as provisional, 
especially since deviations from LS-coupling may be expected for the individual lines, too. 

References 

111 (Jarstann. R. H.. and Dawe. J. A.. The Observatory 82, 210-211 (l%2). 
|2| Savage. B. D. and Lawrence. G. M.. Astrophys. J. 146, <M0-lM.H il%6). 
|3] Lawrence. *,. M.. Astrophys. J. 148, 261-268 (1%7). 
|4| Slavenas. I. Yu. Yu.. Optics and Spectroseupv (L.S.S.R.) 16, 214-216 119641. 
15] Hey. P.. Z. Physik 157, 7'MW (IVW). 
|6) Varsavsky. C. M.. Astrophys. J. Suppl. Ser. 6, #53, 75 (19611. 

Si I.     Allowed Transitions 

No. Transition Multiple! A( K) Eitern  ') EkWm ') A'- AM 4/i/<10"sec ') h .Slut, ii.) l»!l «/ Accu- S'turce 
Array racy 

1 35-3/j- — 
3A3/>

:1 (0.01) 
3020.00 223 33326 5 5 3.3X10 '• 4.5 X !0 « 2.2 x 10 4 -4.65 K 1 
3006.74 77 33326 3 5 1.1 X 10 ■"• 2.5x10 » 7.4 y 10 • -5.12 E I 

2 M'-'D0 

il'V 3) 
2214.7 ISO 45303 9 15 0.55 0.068 4.46 -0.213 <: 2 

2216.67 223 45322 5 7 0.55 0.057 2.08 -0.55 <: Is 
2210.89 77 45294 3 5 0.416 0.051 1.11 -0 8.2 <: Is 
2207.98 0 45276 1 3 0.311 0.068 0.496 -1.167 r Is 
2218.06 223 45294 5 5 0.138 0.0102 0.372 - 1.292 <: Is 
2211.74 77 45276 3 3 0.232 0.0170 0.372 -1.292 <: Is 
2218.92 223 45276 5 3 0.015 6.8 x 10 ' 0.025 -2.47 E Is 

3 3/*-—3/) :ip_:ip° 

(IV 1) 
2518.3 150 39860 9 9 1.61 0.155 11.6 0.145 <: + 3. 4n 

2516.11 223 39955 5 5 1.21 0.115 4.76 -0.240 <:+ 3. 4n 
2519.20 77 39760 3 3 0.422 0.0402 1.00 -0.92 <: + 3. 4n 
2528.51 223 39760 5 3 0.69 0.0394 1.64 -0.71 <: + 3.4n 
2524.1! 77 39683 3 1 1.66 0.053 1.32 -0.80 c + 3.4n 
2506.90 77 39955 3 5 0.417 0.065 1.62 -0.71 <: + 3. In 
2514.32 0 39760 1 3 0.55 0.157 1.30 -0.80 c + 3.4n 

4 :ip_lp° 

(IV 2) 
2452.12 223 40992 5 3 0.0060 3.2X10 ' 0.013 - 2.80 D- 3 
2443.36 77 40992 3 3 0.0069 6.2 x 10 ' 0.015 -2.73 D- 3 
2438.77 0 40992 1 3 0.0074 0.0020 0.016 -2.70 D- 3 

5 'D-^P 
(1) 

2970.36 6299 39955 5 5 2.3 x 10 ' 3.1 x 10 ' 0.0015 -3.81 I) 3 
2987.65 6299 39760 5 3 0.022 0.0018 0.088 - 2.05 i) 3 

6 'D-'F° 
(IV 43) 

2881.58 6299 40992 5 3 1.75 0.131 6.2 -0.184 C 3.4« 

7 lS_;ipo 

(2) 4102.94 15394 39760 1 3 0.0016 0.0012 0.017 -2.91 1) 3. 5 
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Si I.    Allowed Transitions — Continued 

Si.. Transition 
•\na\ 

3/.4s - 
3/.i-l'°4/- 

10 

3/4.S- 
3/>(-l"-)5/; 

16 

18 

19 

20 

'I'0-'!) 
(4) 

:iiJ'_:i|> 

(5) 

:i|.°_..S 

(6) 

(11.12) 

l|>°_l[) 

(13) 

i|>°_ is 

(14) 

:i|»o_.,0 

(9) 

:i|»_:i|i 

(10) 

.ipo_;(S 

(ID 

i|>°_ i|> 

(14.01) 

1 P° -' D 
(16) 

•l"-'S 
(17) 

12031.5 
11984.2 
11991.6 
12270.7 
12103.5 
12395.8 

I07W 

1082   1 
10749.4 
10979.3 
10786.9 
10603.4 
10661.0 

10482 

10585.1 
10371.3 
10288.9 

15888.4 

10869.5 

9413.51 

.mm.') 

5797.86 
5793.07 
5780,38 
5859.20 
5806.28 
5872.71 

:>6</«.r 

5708.40 
5690.43 
5754.22 
5701.11 
5645.61 
5665.55 

.565.19 

5684.48 
5622.22 
5597.94 

6331.95 

5948.55 

5772.15 

15394 

:mw 

39955 
39760 
39683 
39955 
39760 
39955 

M860 

39955 
39760 
39955 
39760 
39760 
39683 

ami) 

39955 
39760 
39683 

40992 

40992 

40992 

;<W>I> 

39955 
39760 
39683 
39955 
39760 
39955 

vm>o 

39955 
39760 
39955 
39760 
39760 
39683 

:iW)0 

39955 
39760 
39683 

40992 

40992 

40992 

. 

£»(<m 'I A'» ft 

40992 1 3 

48161 9 15 

48264 
48102 
48020 
48102 
48020 
48020 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
9. 

49128 9 9 

49189 
49061 
49061 
49028 
49189 
49061 

5 
3 
5 
3 
3 
I 

5 
3 
3 
1 
5 
3 

49400 9 3 

49400 
49400 
49400 

5 
3 
1 

3 
3 
3 

47284 3 3 

50189 3 5 

516)2 3 1 

UTim 9 15 

57198 
57017 
56978 
57017 
56978 
56978 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

5740.1 9 9 

57468 
57329 
57329 
57296 
57468 
57329 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

57542 9 3 

57542 
57542 
57542 

5 
3 
i 

3 
3 
3 

56730 3 3 

57798 3 5 

58312 3 1 

il,( 10* MT    '1 U Mai. ii.) W Hf Accu- Snurc«* 

0.145 0.100 

racy 

1.28 -1.000 C 3 

0.17 0.61 220 0.74 D ca 

0.17 0.52 100 0.41 D Is 
0.13 0.46 54 0.14 D Is 
0.094 0.61 24 -0.21 D Is 
0.040 0.091 18 -0.34 D Is 
0.068 0.15 18 -0.35 D Is 
0.0043 0.0060 1.2 -1.52 E Is 

0.22 0.39 130 0.55 D ca 

0.17 0.29 52 0.16 D Is 
0.056 0.097 10 -0.54 D- Is 
0.089 0.097 18 -0.31 D- Is 
0.22 0.13 14 -0.41 D- Is 
0.057 0.16 17 -0.32 D- Is 
0.076 0.39 14 -0.41 D- Is 

0.24 0.13 40 0.07 D ca 

0.13 0.13 23 -0.19 D Is 
0.081 0.13 13 -0.41 D Is 
0.027 0.13 4.4 -0.89 D Is 

0.081 0.31 48 -0.03 D ca 

0.23 0.67 72 0.30 D ca 

0.27 0.12 11 -0.44 D ca 

0.017 0.015 2.5 -0.87 D ca 

0.018 0.013 1.2 -1.19 D Is 
0.013 0.011 0.62 -1.48 D Is 
0.0098 0.015 G.28 -1.82 D Is 
0.0042 0.0022 0.21 -1.96 E Is 
0.0072 0.0037 0.21 -1.95 E Is 
1.7X10 -' 1.4X10 * 0.014 -3.15 E Is 

0.038 0.018 3.1 -0.79 D ca 

0.028 0.014 1.3 -1.15 D Is 
0.0095 0.0046 0.26 -1.86 D- Is 
0.015 0.0045 0.43 -1.65 D- Is 
0.037 0.0060 0.34 -1.74 D- Is 
0.0097 0.0077 0.43 -1.64 D- Is 
o.on 0.018 0.31 -1.74 D- Is 

0.049 0.0078 1.3 -1.15 D ca 

0.026 0.0077 0.7;: -1.41 D Is 
0.016 0.0077 0.4; -1.64 D Is 
0.0054 0.0076 0.14 -2.'2 D Is 

i.OxlO ' 6.1 X10 "• 0.0038 -3.74 E ca 

0.022 0.019 1.1 -1.24 D 5 

0.081 0.014 0.77 -1.38 D ca 
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Si 1.    Allowed Transitions — Continued 

N...' Transition 
Array 

21 3p4s — 
3p(JP°)6p 

221 

23 

24 

25 

26 

27 

3p4p- 
3p(-'P°)4d 

291 3p4p- 
3p(sP°)5s 

301 

311 

3p4p- 
3p(sP°)5rf 

32! 3p4p - 
3p(2P°)6i 

Multiple! 

(11.04) 

:ip»_:.p 
(11.05) 

:,P°-:'S 
(11.06) 

'P0-'D 
(17.08) 

'P°-'S 
(17.09) 

'P-'D° 
(31) 

I p _ I po 

(32.02) 

'D-:,F° 
(53) 

*[)_:ip° 

(42.21) 

1P —' D° 
(36) 

(57) 

\(A) 

I p _ I p" 
(34) 

4822.1 

4818.06 
4821.17 
4805.44 
4866.88 
4823.31 
4869.07 

4 78.18 

4792.32 
4772.79 
4817.59 
4792.21 
4747.99 
4755.28 

476IJ 

4782.99 
4738.83 
4721.57 

5006.06 

4947.61 

10843.9 

8680.08 

10720 

10727.4 
10694.3 
i 0689.7 
10882.8 
10784.6 
10976.3 

I5W) 

15960.0 
16094.8 
16060.0 
15557.8 
15884.4 
15361.2 

7680.27 

7941.6 

7944.00 
7932.35 
7918.39 
8035.62 
7970.3) 
8074.57 

8093.24 

£,(<m ') 

:i')860 

39955 
39760 
39683 
39955 
39760 
39955 

39860 

39955 
39760 
39955 
39760 
39760 
39683 

M860 

39955 
3976C 
39683 

40992 

40992 

47284 

47284 

48/6/ 

48264 
48102 
48020 
48264 
48102 
48264 

48161 

48264 
48102 
48020 
48102 
48020 
48020 

47284 

48/6/ 

48264 
48102 
48020 
48264 
48102 
48264 

47284 

fc*lrm ') 

60W2 

60705 
604% 
60487 
604% 
60487 
60487 

60758 

60816 
60707 
60707 
60622 
60816 
60707 

60857 

60857 
60857 
60857 

60%2 

61198 

56503 

58802 

.i748<) 

57584 
57451 
57372 
57451 
57372 
57372 

Ö/42.5 

54528 
54314 
54245 
54528 
54314 
54528 

60301 

60753 

60849 
60705 
60645 
60705 
60645 
60645 

5%37 

Hi .4^110" sec 'l|        ),k 

0.011 

0.011 
0.0080 
0.0060 
0.0026 
0.0045 
2.9X10 

0.023 

0.017 
0.0057 
0.0091 
0.022 
0.0057 
0.0075 

0.030 

0.017 
0.010 
0.0034 

0.028 

0.042 

0.16 

1.9X10 ' 

0.13 

0.12 
0.12 
0.12 
0.015 
0.022 
5.5X10 

0.083 

0.070 
0.060 
0.083 
0.013 
0.020 
9.3X10 

0.062 

0.063 

0.049 
0.054 
0.054 
0.0067 
0.010 
2.7 X 10 

0.015 

0.0062 

0.0053 
0.0046 
0.0063 
9.2X10 
0.0016 
6.1X10 

0.0078 

0.0058 
0.0020 
0.0019 
0.0025 
0.0032 
0.0077 

0.0034 

0.0034 
0.0034 
0.0034 

0.018 

0.0051 

0.48 

2.1x10 ' 

0.32 

0.26 
0.28 
0.33 
0.026 
0.038 
7.1X10 

0.19 

0.19 
0.14 
0.11 
0.047 
0.076 
0.0055 

0.092 

0.083 

0.059 
0.071 
0.085 
0.0065 
0.00% 
1.9X10 

0.015 

.Slut.i:.) 

0.89 

0.42 
0.22 
0.099 
0.074 
0.074 
0.0049 

1.1 

0.46 
0.Ö92 
0.15 
0.12 
0.15 
0.12 

0.48 

0.27 
0.16 
0.053 

0.88 

0.25 

0.018 

170 

64 
49 
35 
6.5 
6.7 
0.18 

150 

70 
37 
17 
12 
12 
0.83 

7.0 

33 

li 
9.3 
6.6 
1.2 
1.3 
0.035 

1.2 

'«* «/' 

-1.25 

-1.58 
-1.86 
-2.20 
-2.34 
-2.32 
-3.52 

-1.15 

-1.54 
-2.22 
-2.02 
-2.12 
-2.02 
-2.11 

-1.51 

-1.77 
-1.99 
-2.47 

-1.27 

1.82 

0.16 

-3.20 

0.68 

0.26 
0.15 
0.00 

-0.74 
-0.72 
-2.30 

0.45 

0.12 
-0.15 
-0.48 
-0.63 
- 0.64 
-1.78 

-0.56 

0.10 

-0.38 
-0.45 
- 0.59 
-1.34 
-1.32 
-2.88 

-1.35 

Accu- Source 
racy 

D r« 

D Is 
D Is 
D Is 
E Is 
E Is 
E Is 

I) cu 

D Is 
D~ Is 
D- Is 
D- Is 
D- Is 
D- Is 

I) ra 

1) Is 
1) Is 
I) Is 

1) ra 

1) ca 

1) ra 

K en 

I) ra 

1) Is 
I) Is 
1) Is 
E Is 
E 1 

IS 

E Is 

1) ra 

!) Is 
1) Is 
I) Is 
I) Is 
I) Is 
E Is 

1) ca 

!) ra 

I) Is 
1) Is 
1) Is 
E Is 
E Is 
E Is 

I) ra 
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Si I.    Allowed Transitions — Continued 

No. Transition Multiplcl XIÄI £/(<'in ') £*(<•'" ') Hi Hi. AnlW sec '1 /* .S'lat.ii.) l»ü A'/ Accu- Source 
Array racy 

33 3/4/j - 
3/<(-T°)6</ (38) 

6721.85 47284 62157 3 5 0.034 0.038 2.5 -0.94 D ca 

34 'D-'P 
(60) 

T()04.:i 48161 624X6 15 21 0.027 0.028 9.7 -0.38 D ca 

7005.88 48264 62534 7 9 0.027 0.026 4.2 -0.74 D Is 
7003.57 48102 62377 5 7 0.024 0.025 2.9 -0.90 D Is 
6976.52 48020 62350 3 5 0.023 0.028 1.9 -1.08 D Is 
7083.95 48264 62377 7 7 0.0029 0.0022 0.36 -1.81 D- Is 
7016.74 48102 62350 5 5 0.0042 0.0031 0.36 -1.81 D- Is 
7097.47 48264 62350 7 5 1.1 xlO 4 6.1X10-'1 0.010 -3.37 E Is 

35 3/>4/> - 
3,>(-l'°)7</ 

'D-'P 
(60.06) 

6.5.52./ 4HI6I 63419 15 21 0.0069 0.0062 2.0 -1.03 D- ca 

6555.46 48264 63515 7 9 0.0069 0.0057 0.86 -1.40 D- Is 
6560.56 48102 63341 5 ■7 

1 0.0060 O.Ot-55 0.59 -1.56 D- Is 
6518.73 48020 63356 3 5 0.0059 0.0062 0.40 -1.73 D- Is 
6631.05 48264 63341 7 i 7.3 xlO4 4.8 XlO4 0.074 -2.47 E Is 

[6553.9] 48102 63356 5 5 0.0011 6.9 XlO4 0.074 -2.46 E Is 
[6624.2] 48264 63356 7 5 2.9 .< 10"' 1.4 xlO"1 0.0021 -4.01 E Is 

Si I 

Forbidden Transitions 

The sources adapted for this ion are Naqvi [1]. and Malville and Berger [2]. Malville and 
Berger have utilized "spin-orbit" and "spin-spin and spin-other-orbit" integrals by Garstang 
(Monthly Notices Roy. Astron. Soc. Ill, 115 (1951)). Naqvi's and Malville and Berger's magnetic 
dipole transitions have generally been averaged since their methods are very similar. But for the 
■'P— i S transition, where configuration interaction is important, Maiville and Berger's value, which 
is obtained empirically, has been preferred over that of Naqvi which is based purely on theory (see 
also General Introduction). For the electric quadrupole moment sq we have always employed 
Malville and Berger's results. 

References 

|]| Naqw. A. M.. Tin-sis Harvard (1951). 
|2| Malville. J. M. anil Berp-r. R. A.. Planetary and Spare Scieme 13, 1131-1136 '1965). 

Si I.    Forbidden Transitions 

•  

Transition 

~ 

Type of Accu- 
No. Array Multiple! MÄ) fc'i(cm-') Ekivm') H> Hk Transi- 

tion 
Akii&ec ') .S(at.u.) racy Source 

1 V-V 'P—'P 
12.964 xlO3 0.000 77.115 1 3 m 8.25 x 10« 2.00 A 1 
44.799 x 104] 0.000 223.157 1 5 e 3.56x10"' 19.1 C- 2 
68.455 x 104 77.115 223.157 3 5 m 4.20X10 -» 2.50 A 1 
68.455 x 10'] 77.115 223.157 ■> 5 e 9.7x10" 43.3 C- 1.2 

i. •'P-'D 
(0.01 F) 

15871.6 0.00 6298.85 1 5 e 6.2X10 7 0.0019 D- 2 
16068.3 77.115 6298.85 3 5 m 9.7 XlO4 7.5X10 4 C 1,2 
16068.3 77.115 6298.85 3 c 

V 4.0X10« 0.013 D- 1,2 
16454.5 223.157 6298.85 5 5 m 0.00271 0.00224 C 1.2 
lfV 154.5 223.157 6298.85 5 5 e 2.5 X 10-» 0.091 D- 1.2 

! i 508-022 0-69—8 
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Si I.    Forbidden Transitions — Continued 

No. 
Transition 

Array Multiple! MÄ) E,(cm ') £'n(cm ') H, Hk 

Typt' of 
Transi- 
tion 

■.'»((»«• ') .S(at.u ) 
Accu- 
racy Sourcc 

3 •'P-'S 
(IF) 

6526.78 
6589.61 

77.115 
223.157 

15394.4 
15394.4 

3 
5 

1 
1 

m 
e 

0.0355 
0.0011 

3.66 X 10 ' 
0.0084 

C- 2 
2 

4 ■D-'S 
(2F) 10991.4 6298.85 15394.4 5 1 e 0.80 76 \y- 2 

Sill 

Ground State 

Ionization Potential 

Allowed Transitions 

List of tabulated lines: 

lss2saV3s-3/;aP?/ä 

16.35 eV= 131838.4 cm"1 

Wavelength [Ä] No. Wavelength [A| No. 

T ■  

Wavelength |A| No. 

989.867 8 2072.7 13 4128.07 15 
992.675 8 2072.70 13 4130.89 15 
992.69 8 2328.51 1 4130.9 15 
1020.70 9 2334.40 1 4621.5 26 
1023.69 9 2334.61 1 4896.8 31 

1190.42 4 2344.20 1 4902.65 31 
1193.28 4 2.550.17 1 5041.03 19 
1194.50 4 2500.93 17 5055.98 19 
1197.39 4 2501.97 17 5056.31 19 
1246.74 5 2502.0 17 5113.17 14 

1248.43 5 2608.90 10 5466.6 25 
1251.16 5 2612.99 10 5568.36 30 
1260.42 6 2620.89 10 5575.97 30 
1264.73 6 2722.25 23 5957.56 20 
1265.02 6 2726.70 23 5978.93 20 

1304.37 3 2904.28 16 6347.10 18 
1309.27 3 2905.69 16 6371.36 18 
1526.72 7 2905.7 16 6679.65 27 
1533.45 7 3203.87 21 6818.45 28 
1649.52 11 3210.0 21 6829.8 28 

1654.30 11 3210.03 21 6829.82 28 
1654.31 11 3333.14 22 7113.45 29 
1808.00 2 3339.82 22 7125.84 29 
1816.92 2 3853.66 12 7848.80 24 
1817.45 2 3856.02 12 7849.7 24 

2072.02 13 3862.60 12 7849.72 24 
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i 

Aside from the Coulomb approximation, four theoretical sources have been selected which all 
employ the same basic principles, but with different degrees of refinement. Weiss' [2] calculations 
must be considered the most comprehensive ones since he has used the "superposition-of-con- 
figurations" approach with a large number of interacting configurations and Hartree-Fock wave- 
functions as a starting point. Values have been calculated in both the dipole length and dipole 
velocity approximations: the length values are chosen in all cases as being probably the more 
reliable [2|. (iarstang and Shamey [lj. as well as Froese-Fischer |6j. have carried out their calcula- 
tions by including limited configuration interaction and using Hartree-Fock functions as a starting 
point, (iarstang and Shamey [1] have also taken into account intermediate coupling. Froese's [5] 
results for the '.id — 5/and 3</—6/transitions are based on self-consistent field calculations: how- 
ever, her values are modified to account for configuration interaction with the 3s3//--D term by 
multiplying them by the square of the mixing coefficient as given in Froese and Underbill [7]. 
Weiss' values have always been chosen where available in preference to the other calculations. 

Two experimental papers by Savage and Lawrence |3] and Hey [4] have also been utilized. 
Savage and Lawrence [3] have carried out lifetime determinations of several states by means of 
the phase shift technique. Of their numbers we have used only the value for the 4s state, which 
is within a few percent of the theoretical result obtained by Weiss. Their measured lifetime of the 
4/ level is within 20 percent of the sum of the adopted theoretical transition probabilities for 
3s3p2— 3s24/ and 3s23d—3sHf. The other lifetimes measured are either extremely short, so that 
experimental errors become fairly large, or are not cascade-free (3rf-level) and hence have not been 
used. Hey [4] has determined transition probabilities from intensity measurements in a wall- 
stabilized arc. His absolute values may be uncertain by as much as 50 percent, primarily because 
of the possible demixing effects. In those cases where theory and his experiment overlap, the results 
have been averaged. 
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|1) Garstang. Ft. H., ami Shamey. L J.. to be published in Proc. Symposium on Magnetic and Other Peculiar and Metallic- 
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|2| Weiss. A. W.. lo he published (1969). 
[3| Savage. B. D.. and Lawrence. G. M.. Astrophys. J. 146, 940-943 (1966). 
|4| Hey. P.. Z. Physik 157, 79-8« (1959). 
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Sill.    Allowed Transitions 

No. Transition 
Array 

Multiple! X(Äl £<<em '1 £t(cm-') (!) »• .4t,<10"sec--') u .S'lai.u.) 1»^ «/ Accu- 
racy 

Source 

1 isi3p-3s3p> 2|l°_ ip 
(IV 0.01) 

2334.61 287 43108 4 6 4.3X10 > 5.3x10" 1.6x10 4 -4.67 E 1 
2328.51 0 42933 2 4 1.9X10" 3.1X10 '" 4.8X10 -" -9.21 E 1 
2344.20 287 42933 4 4 4.0X10-'1 3.3X10 " 1.0X10-' -4.88 E 1 
2334.40 0 42824 2 2 1.1 X 10-4 9.0X10 « 1.4X10-4 -4.74 E 1 
2350.17 287 42824 4 2 6.8 x10s 2.8X10 « 8.7X10 -« -4.95 E 1 

2 
(IV 1) 

1814.0 /<>/ 5.M/Ü 6 10 0.078 0.0064 0.23 -1.42 E ■1 

1816.92 287 55325 4 6 0.079 0.0059 0.14 -1.63 E Is 
1808.00 0 55310 2 4 0.066 0.0064 0.077 -1.89 E Is 
1817.45 287 55310 4 4 0.013 6.3X10 ' 0.015 -2.60 E Is 

3 ?p°_2l} 
(I'V ii 

i:w.(> 191 76666 6 2 11 0.090 2.4 -0.27 D 2 

1309.27 287 76666 4 2 7.0 0.090 1.6 -0.44 D Is 
1304.37 0 76666 2 2 3.6 0.091 0.78 -0.74 D 1       Is 
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Sill.    Allowed Transitions — Continued 

No. Transition 
Array 

Mulliplel X(A) ftlcm ') EkWm ') Hi m. 4A,(10"S<- '( 

43 

35 
29 
14 
7.2 

h, .Slat.u.i loji «/ Arcu- 
rary 

Source 

4 2p°_2p 
(UV51 

11V5.5 

1194.50 
1193.28 
1197.39 
1190.42 

m 
287 

0 
287 

0 

83817 

84005 
83802 
83802 
84005 

6 

4 
2 
4 
2 

6 

4 
2 
2 
4 

0.91 

0.76 
0.61 
0.15 
0.31 

22 

12 
4.9 
2.4 
2.4 

0.74 

0.48 
0.09 

-0.22 
-0.22 

D 

D 
D 
D 
D 

2 

is 
Is 
Is 
Is 

5 353/>2-3/>:1 

(UV 8) 
I24V.5 

1251.16 
1248.43 
1246.74 

41002 

43108 
42933 
42824 

123034 

123034 
123034 
123034 

12 

6 
4 
2 

4 

4 
4 
4 

38 

19 
13 
6.3 

0.29 

0.29 
0.29 
0.29 

14 

7.2 
4.8 
2.4 

0.54 

0.24 
0.07 

-0.23 

D 

D 
D 
D 

2 

ts 
Is 
Is 

6 3s23/>-3s2('S)3</ »p°_2Q 
(UV4) 

1261.1 

1264.73 
1260.42 
1265.02 

287 
0 

287 

7f)14() 

79355 
79339 
79339 

6 

4 
2 
4 

10 

6 
4 
4 

30 

30 
25 
5.0 

1.2 

1.1 
1.2 
0.12 

30 

18 
9.9 
2.0 

0.85 

0.63 
0.38 

-0.32 

D 

D 
D 
E 

2 

Is 
Is 
Is 

7 affy-WSyk 2p°_.2g 
(UV 2) 

1511.2 

1533.45 
1526.72 

287 
0 

65501 

65501 
65501 

6 

4 
2 

2 

2 
2 

11.1 

7.4 
3.73 

0.130 

0.130 
0.130 

3.94 

2.63 
1.31 

-0.108 

-0.284 
-0.59 

C 

C 
C 

2,3 

Is 
Is 

8 3s2.ty-3s2<'S)4d 2p°_2Q 
(UV 6) 

WI.74 

992.675 
989.867 

[992.69] 

287 
0 

287 

101024 

101025 
101023 
101023 

6 

4 
2 
4 

10 

6 
4 
4 

8.0 

8.0 
6.7 
1.3 

0.20 

0.18 
0.20 
0.020 

3.9 

2.3 
1.3 
0.26 

0.08 

-0.15 
-0.40 
-1.10 

D 

D 
D 
E 

2 

Is 
Is 
ts 

9 3«23/>-3s2('S)5s 2p°_2g 
(UV5.01) 

1022.7 

1023.69 
1020.70 

m 
287 

0 

97972 

97972 
97972 

6 

4 
2 

2 

2 
2 

4.1 

2.7 
1.3 

0.021 

0.021 
0.021 

0.43 

0.29 
0.14 

-0.90 

-1.08 
-1.38 

D 

Ü 
D 

6 

Is 
Is 

10 3.<3p2-3sVS>4/> 4p_2po 
2620.89 
2612.99 
2608.90 

43108 
42933 
42933 

81252 
81192 
81252 

6 
4 
4 

4 
2 
4 

1.6X10"4 

2.9 x 10--' 
2.9x10" 

1.1X10--' 
1.5X10« 
3.0X10 7 

5.7X10 -* 
5.2X10 "■ 
1.0X10 -• 

-4.18 
-5.22 
-5.92 

E 
E 
E 

1 
1 
1 

11 353//*-3sVS)4/ 4p_2F= 

1654.31 
1649.52 
1654.30 

43108 
42933 
43108 

103556 
103556 
103556 

6 
4 
6 

8 
6 
6 

4.6 X 10-" 
6.5 x 10-"■ 
2.9x10 ■• 

2.5X10 -» 
4.0X10" 
1.2 x lO« 

8.2X10 ' 
8.7X10--- 
3.9X10 r- 

-3.82 
-4.80 
-5.14 

E 
E 
E 

1 
1 
1 

12 353p2-3i2('S)4p 2J}_2p° 
(1) 

1858.0 .55110 81212 10 6 0.28 0.038 4.8 -0 43 D + 2.4 

3856.02 
3862.60 
3853.66 

55325 
55310 
55310 

81252 
81192 
81252 

6 
4 
4 

4 
2 
4 

0.25 
0.28 
0.028 

0.038 
0.031 
0.0062 

2.9 
1.6 
0.32 

-0.65 
-0.90 
-1.61 

[) + 
D + 
E 

Is 
Is 
Is 

13 3s3pi-352(,S)4/ 2ß_2p 
(UV 9) 

2072,1 

2072.70 
2072.02 

[2072.7] 

55325 
55310 
55325 

103556 

103556 
103556 
103556 

10 

6 
4 
6 

14 

8 
6 
6 

1.0 

1.0 
0.96 
0.068 

0.092 

0.088 
0.092 
0.0044 

6.3 

3.6 
2.5 
Ö.18 

-0.04 

-0,28 
-0.43 
-1.58 

D 

n u 
D 
E 

2 

Is 
Is 
Is 

14 2p_2p 

5113.17 84005 A\*%JtJ*J\t 4 0 1.3X10 4 7.5X10 -• 0.0050 -3.52 E 1 

15 3s23d-3*VS>4/ 2D_2Fo 

(3) 
4I2>).<) 7V149 103556 10 14 1.42 0.51 69 0.71 C 2.4 

4130.89 
4128.07 

1[4130.9] 

79355 
79339 
79355 

103556 
103556 
103556 

6 
4 
6 

8 
6 
6 

1.42 
1.32 
0.094 

0.483 
0.51 
0.024 

39.4 
27.6 

2.0 

0.462 
0.310 

-0.84 

C 
c 
E 

Is 
Is 
Is 
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Si II.    Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! A(A) Ei(rm ') £\(cm ') Mi A'A /*».,( 10» sec1) A .S'tat.u.) loji «/ Accu- 
racy 

D 

D 
D 
E 

Source 

16 3s23d-3s2('S)5/ 2D-2F° 
(UV 17) 

2905.2 

2905.69 
2904.28 

[2905.7] 

79349 

79355 
79339 
79355 

113760 

113760 
113760 
113760 

10 

6 
4 
6 

14 

8 
6 
6 

0.71 

0.71 
0.67 
0.048 

0.13 

0.12 
0.13 
0.0060 

12 

6.9 
4.8 
0.35 

0.10 

-0.14 
-0.29 
-1.44 

5,7 

Is 
Is 
Is 

17 3s23d-3s2('S)6/ 2D-2F° 
(UV 18) 

2501.6 

2501.97 
2500.93 

[2502.0] 

79349 

79355 
79339 
79355 

119312 

119312 
119312 
119312 

10 

6 
4 
6 

14 

8 
6 
6 

0.41 

0.41 
0.38 
0.027 

0.054 

0.051 
0.053 
0.0026 

4.4 

2.5 
1.8 
0.13 

-0.27 

-0.51 
-0.67 
-1.82 

D 

D 
D 
E 

5,7 

Is 
Is 
Is 

18 3s24ä-3.vVS)4p 2§_2p<> 

(2) 
6355.1 65501 81232 2 6 0.70 1.26 53 0.401 C 2,4 

6347.10 
6371.36 

65501 
65501 

81252 
81192 

2 
2 

4 
2 

0.70 
0.69 

0.84 
0.422 

35.3 
17.7 

0.225 
- 0.074 

C 
c Is 

19 3s24p-3s2('S)4d 2p°_2|) 

(5) 
5051.1 81232 101024 6 10 1.2 0.74 74 0.65 D + 2,4 

5055.98 
5041.03 
5056.31 

81252 
81192 
81252 

101025 
101023 
101023 

4 
2 
4 

6 
4 
4 

1.2 
0.98 
0.19 

0.66 
0.74 
0.074 

44 
25 
4.9 

0.42 
0.17 

-0.53 

D + 
D + 
E 

Is 
Is 
Is 

20 3s24p-3s2('S)5s 2p°_2§ 

(4) 
5972.1 81232 97972 6 2 1.2 0.22 26 0.12 D 4,6 

5978.93 
5957.56 

81252 
81192 

97972 
97972 

4 
2 

2 
2 

0.81 
0.42 

0.22 
0.22 

17 
8.7 

-0.06 
-0.36 

D 
D 

Is 
Is 

21 3s24p-3s2('S)5d 2p=_2J) 

(7) 
3208.0 81232 112395 6 10 0.46 0.12 7.5 -0.14 D ca 

3210.03 
3203.87 

[3210.0] 

81252 
81192 
81252 

112395 
112395 
112395 

4 
2 
4 

6 
4 
4 

0.46 
0.39 
0.077 

0.11 
0.22 
0.012 

4.5 
2.5 
0.50 

-0.37 
-0.62 
-1.32 

D 
D 
E 

Is 
Is 
Is 

22 3524p-3s2('S)6i 2p°_2g 

(6) 
3337.6 81232 111185 6 2 0.46 0.026 1.7 -0.81 D ca 

3339.82 
3333.14 

81252 
81192 

111185 
111185 

4 
2 

2 
2 

0.30 
0.15 

0.025 
0.025 

1.1 
0.55 

-1.00 
-1.30 

D 
D 

Is 
Is 

23 3s24p-3s2('S>7* 2p°_2§ 

(UV 19) 
2725.3 

2726.70 
2722.25 

81232 

^1252 
81192 

117915 

117915 
117915 

6 

4 
2 

2 

2 
2 

0.24 

0.16 
0.080 

0.0089 

0.0089 
0.0089 

0.48 

0.32 
0.16 

-1.27 

-1.45 
-1.75 

D 

D 

ca 

Is 
is 

24 3sHd-3s*VS)Sj 2D_;po 

(7.02) 
7849.6 

7849.72 
7848.80 

[7849.7] 

101024 

101025 
101023 
101025 

113760 

113760 
113760 
113760 

10 

6 
4 
6 

14 

8 
6 
6 

0.42 

0.42 
0.39 
0.028 

0.54 

0.51 
0.54 
0.026 

140 

80 
56 
4.0 

0.73 

0.49 
0.33 

-0.81 

D 

D 
D 
E 

ca 

Is 
Is 
Is 

25 3s24d-3s2('S)6/ 2[j_2p 

(7.03) 
5466.6 101024 119312 10 14 0.26 0.16 29 0.20 D ca 

26 3sHd-3sVS)7f 2[)_2p> 

(7.05) 
4621.5 101024 122656 10 14 0.16 0.072 11 -0.14 D ca 

27 3sHf-3sH]S)6d 2po_2Q 

(7.12) 
6679.65 103556 118523 14 10 0.014 0.0068 2.1 -1.02 D ca 

28 3s25p-3s'VS)6d 2p»_2Q 

(7.20) 
68*6.4 

6829.82 
6818.45 

f6829.8l 

103878 

103886 
103861 
103886 

118523 

118523 
118523 
118523 

6 

4 
2 
4 

10 

6 
4 
4 

0.13 

0.13 
0.11 
0.021 

0.15 

0.13 
0.15 
0.014 

20 

'2 
6.7 
1.3 

-0.05 

-0.27 
-0.52 
-1.25 

D 

D 
D 
E 

ca 

Is 
Is 
Is 
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Sin.    Allowed Transitions—Continued 

No. Transition Mulli|ilcl MÄ) £<<cm ') KiAvm '1 
Array 

29 3s*5p-3s20S)7s 2|>°_2t^ 
(7.19) 

7122.1 lO.iHTH 117915 

7125.84 103886 117915 
7113.45 103861 1.7915 

30 3s25p-3sVS)8s 2|>»_2S 

(7.21) 
557H..J 101878 121815 

5575.97 103886 121815 
5568.36 103861 121815 

31 3s25/>- 3s2('S)9s 2|>°_2S 

(7.23) 
I'XIO.H 103878 124277 

4902.65 103886 124277 
[4896.8] 103861 124277 

" 

A 

6 2 

4 
2 

2 
2 

6 2 

4 
2 

2 
2 

6 2 

4 
2 

2 
2 

  

. —   —._ . .   

4w(10"*rc ') u 

0.15 0.038 

0.098 
0.051 

0.037 
0.038 

0.088 0.014 

0.057 
0.029 

0.013 
0.013 

0.053 0.0064 

0.035 
0.018 

0.0064 
0.0065 

    .- ™         1 

.Siai.u.i 

5.3 

3.5 
1.8 

1.5 

0.97 
0.49 

0.62 

0.41 
0.21 

«/ 

-0.64 

-0.83 
-1.12 

-1.08 

-1.28 
-1.59 

-1.42 

- 1.59 
-1.89 

Arm- 
ratv 

SolllVI' 

Is 
Is 

Is 
Is 

Sill 

Forbidden Transitions 

The line strength for th? one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1|. The transition probability should also be quite accurate, since 
fhe energy level difference is accurately known. 

Reference 

[11 Naqvi. A. M.. Thesis Harvard (1951). 

Si II.    Forbidden Transitions 

No. 
Transition 

Array Multiple! At A) Kiivm ') AV   .n ') f'i Hk 
Type of 
Transi- 

tion 

i 

■l*,(see ■) S(al.u.) 
Accu- 
racy Source 

1 3/J-"S0;» :'|»f _il*> 

[34.795 X 10'] ().(M) 287.32 2 1 III 2.13X 10 ' 1.33 A 1 
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(/round State 

lonization Potential 

Si III 

Allowed Transitions 

List of tabulated lines: 

U*2s*2/i«3a* 'Si 

33.46 eV = 269940.6 cm ' 

Wavelength |A| No. Wavelength (A) Nu. Wavelength [A| No. 

.566.613 11 1417.24 4 4665.87 30 
671.718 23 1435.78 10 4683.02 30 
672.293 23 1588.95 9 4683.80 30 
673.477 23 1778.72 5 4716.65 43 
690.689 25 1783.08 5 4730.52 30 

823.408 24 1783.15 5 5451.46 29 
883.398 15 1786.37 5 5451.% 29 
993.519 19 1786.44 5 5473.05 29 
994.787 19 1786.52 5 5490.11 29 
997.389 19 1838.47 38 5539.93 29 

1108.37 12 1839.59 38 5579.94 29 
1109.94 12 1842.06 38 5596.9 57 
1109.97 12 1842.55 21 5597.90 57 
1113.17 12 1856.06 39 5599 25 57 
1113.20 12 2449.48 45 5600.00 57 

1113.23 12 2528.47 46 5600.95 57 
1140.55 17 2541.82 3 5601.46 57 
1141.58 17 2546.09 8 5693.8 48 
1142.28 17 2559.21 26 5695.52 48 
1144.31 17 3043.8 44 56%.50 48 

1144.% 17 3043.93 44 5703.12 48 
1145.67 17 3045.08 44 5704.60 48 
1155.00 16 3045.1 44 5716.29 48 
1155.% 16 3046.28 44 5739.73 28 
1156.78 16 3185.13 37 5810.19 58 

1158.10 !6 3230.50 36 6169 84 56 
1160.26 16 3233.95 36 6314.46 51 
1161.58 16 3241.62 36 6521.49 55 
1206.51 1 3486.91 42 6522.6 55 
1206.53 13 3569.67 53 6522.63 55 

1207.52 14 3590.47 35 6524.36 55 
1294.54 2 3681.40 54 6524.8 55 
1296.7.« 2 3682.15 54 6831.56 52 
1298.89 2 3682.25 54 6834.08 52 
1298.% 2 3791.41 34 6834.38 52 

1301.15 2 37%. 11 34 7461.89 40 
1303.32 2 3796.2 34 7462.35 40 
1312.59 20 3806.54 34 7462.62 40 
1328.81 18 3806.7 34 7465.6 40 
1341.47 7 4338.50 22 7465.67 40 

1341.51 7 4341.40 33 7466.32 40 
1342.35 7 4377.63 47 7612.36 49 
1342.39 7 < 4468.45 31 8262.57 50 
1342.43 7 4494.05 31 8265.64 50 
1343.39 7 4552.62 27 8267.75 50 

1362.37 6 4554.00 31 8269.32 50 
1363.46 6 4567.82 27 8271.38 50 
1363.50 6 4574.76 27 8271.94 50 
1365.25 6 4619.66 30 8341.93 32 
1365.29 6 4638.28 30 9799.91 41 

1365.34 6 
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Weiss' [1] values have been calculated by means of the method of superposition of con- 
figurations, employing Hartree-Fock wavefunctions as a starting point. The calculations have been 
carried out both in the dipole length and dipole velocity approximations, /are [3| has performed 
similar calculations, also in the length and velocity forms, usiiifi however, the simpler, less ac- 
curate Hartree-Fock-Slater wavefunctions. in which exchange effects are only approximately taken 
into account. The dipole length values of (I] or [3| are selected, being probably more reliable 
than the velocity values, as suggested by the authors. Crossley and Dalganm's values j2| have been 
obtained from a charge-expansion technique which includes configuration mixing in a limited 
way. There is usually good agreement for those transitions where the various calculations overlap. 
In these cases we have chosen Weiss' results over /.arc's values and these in turn over [2|. The 
accuracy estimate has been reduced where there is significant disagreement between the length 
and velocity forms or where there appears to be cancellation in iiic transition integral. 

References 

[I] Weiss. A. W.. J. Chem. Phys. 47, 3573 (1967). 
(2) Crossley. R. J. S.. and Daluarno. A.. Pro.-. Roy. So«-. London A286, 510-518 (1%5). 
[3] Zare, R. N.J. Chem. Phys. 47,3561 (1%7). 

Si III.    Allowed Transitions 

N... Transition 
Arrav 

3s2 — 
3sl2S)3» 

UÖtJft —Oft 

3s(2S)3c/- 
3/;<2P°)3«" 

Multiple!       AlAl 

'S-'P° 
(IV 21 

(IV 4) 

'P°- 'D 
(IV 6.09) 

'P°-'S 
(IV 9) 

(IV 35) 

«D-'ip0 

(IV 38) 

1206.51 

1298.9 

1298.96 
1298.89 
1303.32 
1301.15 
1294.54 
1296.73 

2541.82 

1417.24 

17..2.0 

1778.72 
1783.15 
1786.52 
1783.08 
1786.44 
1786.37 

i:m.:i 

1365.25 
1363.46 
1362.37 
1365.29 
1363.50 
1365.34 

£,i<m 'Iftlcni 'I 

82884 

■il'W      I2<»)7I 

53115 
52853 
53115 
52853 
52853 
52725 

82884 

82884 

I42<W 

142944 
142946 
142948 
142944 
!42946 
142944 

I42<m 

142944 
142946 
142948 
142946 
142948 
142948 

130101 
129842 
129842 
129708 
130101 
129842 

122215 

153444 

I Wim I 

199164 
199026 
198923 
199026 
198923 
198923 

216241 

216190 
216289 
216.V-0 
216190 
216289 
216190 

A'. ft 

1 3 
1 

9 9 

5 s 
3 3 
5 3 
3 1 
3 5 
1 ■i 

3 5 

3 1 

15 21 

7 9 
5 7 
3 5 
7 7 
5 5 
7 5 

15 9 

7 5 
5 3 
6 1 
5 5 
3 3 
3 5 

■fA,(10"MT    'I 

25.9 

22.3 

16.7 
5.58 
9.18 

22.2 
5.62 
7.46 

0.32 

26.0 

1.3 

4.4 
3.8 
3.6 
0.47 
0.66 
0.018 

9.7 
8.5 

II 
1.8 
2.9 
0.11 

1.70 

0.564 

i 0.423 
10.141 
0.140 
0.188 
0.235 
0.565 

0.052 

0.261 

0.28 

0.27 
0.25 
0.28 
0.023 
0.032 
6.3 x 10 

0.19 

0.19 
0.14 
0.10 
0.049 
0.082 
0.0053 

.Slat.n.I !»£«/ 

6.7! 

21.7 

9.04 
1.81 
3.01 
2.41 
3.01 
2.41 

1.3 

3.66 

25 

13 

0.230 

0.706 

0.325 
-0.374 
-0.155 
-0.249 
-0.152 
-0.248 

-0.81 

0.106 

0.62 

1 0.28 
7.4 0.10 
5.0 -0.08 
0.93 -0.79 
0.93 -0.80 
0.026 -2.36 

0.45 

6.1 0.12 
3.2 -0.15 
1.4 -0.52 
1.1 -0.61 
1.1 -0.61 
0.072 -1.80 

\ccu- Source 
rac> 

K 1 

B 1 

B Is 
B Is 
B Is 
B Is 
B Is 
B Is 

1) 1 

C 1 

1) 2 

!) Is 
1) Is 
1) If 
Ü- Is 
D- l.S 

E Is 

l) + 3 

l) + Is 
l) + Is 
D- Is 
D- Is 
D- Is 
E Is 
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Si III.    Allowed Transitions—Continued 

1). Transition Miilii|ilt-t X(Ai EiWm ') AYlcni ') M. A 4t,(!0"sec ') U .S'(al.u.) I.-CA'/ Accu- Source 
Array 

0.27 

racy 

7 •D-'l)0 
1342.2 142945 217452 15 15 10 18 0.61 D 2 

(iv m 
1341.47 142944 217489 7 7 9.0 0.24 7.5 0.23 D Is 
1342.3V 142946 2i7440 5 5 7.0 0.19 4.2 -0.02 D Is 
1343.39 142948 217386 3 3 7.5 0.20 2.7 -0.22 D Is 
1342.35 142944 217440 7 5 1.6 0.030 0.94 -0.68 D- Is 
1343.39 142946 217386 5 3 2.5 0.041 0.90 -0.69 D- Is 
1341.50 142946 217489 5 7 1.1 0.043 0.94 -0.67 D- Is 
1342.43 142948 217440 3 5 1.5 0.068 0.90 -0.69 Ü- Is 

K 'I)-1!)0 

(1 V 56) 
2546.09 165765 205029 5 5 0.61 0.060 2.5 -0.52 D 2 

9 iD-'P0 

ll V 59) 
1588.95 165765 2287(H) 5 3 11 0.25 6.5 0.10 D + 3 

10 'I)-'F° 1435.78 165765 235414 5 7 21 0.89 21 0.65 D 2 
(l V61) 

11 te- 'S-'|'° 566.613 0 176487 1 3 3.2 0.046 0.085 -1.34 E 3 
3s(2S)4/> (IV 3) 

12 3*3/*- 
3dfS)3r/ 

,|.o_,[) 

il \ 5) 
llll.6 52V84 /42945 9 15 28.8 0.890 29.3 0.904 B 1 

1113.23 53115 142944 5 7 28.7 0.748 13.7 0.573 B Is 
1109.97 52853 142946 3 5 21.7 0.668 7.32 0.302 B Is 
1108.37 52725 142948 1 3 16.2 0.893 3.26 -0.049 B Is 
1113.20 53115 142946 5 5 7.17 0.133 2.44 -0.177 B Is 
1109.94 52853 142948 3 3 12.1 0.223 2.44 -0.175 B Is 
1113.17 53115 142948 5 3 0.80 0.0089 0.16 -1.35 D Is 

13 ||»°_>D 
il V 111 

1206.53 82884 165765 3 5 48.9 1.78 21.2 0.728 B 1 

14 
3//l2l'W 

'I)-1!)0 

(IV 221 
1207.52 122215 205029 5 5 19 0.41 8.2 0.31 D 2 

15 • D-'F" 
(IV 27) 

883.398 122215 235414 5 7 63 1.0 15 0.70 D 2 

16 :t|j_.l|»o ll :><>:> I2W7I •216241 9 9 22 0.44 15 0.60 D 2 
(IV 31) 

1161.58 130101 216190 5 5 16 0.32 6.2 0.20 D /s 
1156.78 129842 2i0289 3 3 5.2 0.11 1.2 -0.48 D- Is 
1160.26 130101 216289 5 3 9.1 0.11 2.1 -0.26 D- Is 
1155.96 129842 216350 3 1 22 0.15 1.7 -0.35 D- Is 
1158.10 129842 216190 3 5 5.5 0.18 2.1 -0.27 D- h 
1155.00 129708 216289 1 3 7.5 0.45 1.7 -0.35 D- Is 

17 
ll V 32) 

1143.1 I2W7I 217452 9 15 39 1.3 43 1.07 D 2 

1144.31 130101 217489 5 7 39 1.1 20 0.74 D Is 
1141.58 129842 217440 3 5 30 0.98 11 0.47 D Is 
1140.55 129708 217386 1 3 22 1.3 4.8 0.11 D- Is 
1144.96 130101 217440 5 5 9.7 0.19 3.6 -0.02 D- Is 
1142.28 129842 217386 3 3 16 0.32 3.6 -0.02 D- Is 
1145.67 130101 217386 5 3 1.1 0.013 0.24 -1.19 E Is 

IK i,S_i|»° 
ll V 48) 

1328.81 153444 165765 1 3 27 2.1 9.3 0.33 D 3 

19 3s3/i- 
3.v(2S)4s 

:<|>°_.IS 
(I V6I 

>><><>.(><> 52>>H4 153377 9 3 23.6 0.M7 3.45 i,.c>:2 B 1 

997.389 53115 153377 5 3 13.1 0.117 1.92 -0.233 B Is 
994.787 52853 153577 3 3 7.89 0.117 1.15 -0.455 B Is 
993.519 52725 153377 1 3 2.64 0.117 0.383 -0.932 B Is 
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Silll.    Allowed Transitions—Continued 
! 

No.  Transition Multiple! A(Ä) Etii-m  ') fc'tUm ') A'. A'* Ak,iW*rv  ') L ■Slal.u.l 
I 

Ion «/ 

i 
ACH. Source | 

Array 

3 1 0.62 -0 84 

ru<> 

!) 1 

j 
20 'P°-'S 

(UV toi 
1312.59 82884 159070 5.6 0.048 1 

21 3p2- 
3s(2S)4/> 

>D-'P° 
(IV 20) 

1842.55 122215 176487 5 3 2.61 0.080 2.42 -0,398 <: 3 
! 

22 ■S —'1'° 
(3) 

4338.50 153444 176487 1 3 0.147 0.125 1.78 -0.90 <: 3 

J 
23 3s3p — 

3si*Sttd 
:lpo_:,D 

(I'V 6.01) 
672.88 

673.477 
672.293 
671.718 
673.477 
672.293 
673.477 

52084 

53115 
52853 
52725 
53115 
52853 
53115 

201500 

201599 
201598 
201598 
201598 
201598 
201598 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

0.67 

0.66 
0.49 
0.38 
0.16 
0.27 
0.018 

0.0075 

0.0063 
0.0056 
0.0077 
0.0011 
0.0018 
7.5 X 10 •• 

0.15 

0.070 
0.037 
0.017 
0.012 
0.012 
8.3 X 10 ' 

-1.17 

- 1.50 
-1.77 
-2.11 
-2.26 
-2.27 
-3.43 

E 

E 
E 
E 
E 
E 
E 

3 

Is 
Is 
Is 
Is 
Is 
I.S 

I 
s 

I* 

1 

24 'P°-'D 
(UV 12) 

823.408 82884 204331 3 5 6.6 0.112 0.91 -0.474 c :* 
■ 

25 3s3p — 
3s(2S)5<f 

'P°_'D 
(UV 14) 

690.689 82884 227665 3 5 0.58 0.0069 0.047 -1.68 K 3 

26 3s3d- 
3s(2S)4/ 

'D-'F° 
(UV 55) 

2559.21 165965 204828 5 7 7.7 I.I 45 0.73 D- ra 

27 3s4s — 
3s(2S)4p 

:<S_:.p° 

(2) 
4560.1 

4552.62 
4567.82 
4574.76 

153377 

153377 
153377 
153377 

/ 75A0O 

175336 
175263 
175230 

3 

3 
3 
3 

9 

5 
3 
1 

1.26 

1.26 
1.25 
1.25 

1.18 

0.65 
0.392 
0.131 

53 

29.4 
17.7 
5.9 

0.55 

0.290 
0.070 

-0.406 

<: + 

<: + 
<: + 
c + 

3 

Is 
Is 
Is 

28 >S-'P° 
(4) 

5739.73 159070 176487 1 3 0.47 0.70 13 -0.16 n+ 3 

29 3/>4s'- 
3/;(2P°)4p' 

4>o_:iD 

(12.08) 
5472.8 

5473.05 
5451.46 
5451.96 
5539.93 
5490.11 
5579.94 

226676 

226820 
226527 
2264(H) 
226820 
226527 
226820 

244043 

245087 
244866 
244737 
244866 
244737 
244737 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

0.79 

0.79 
0.60 
0.46 
0.19 
0.33 
0.021 

0.59 

0.50 
0.45 
0.61 
0.088 
0.15 
0.0058 

96 

45 
24 
!1 
8.0 
8.0 
0.53 

0.73 

0.40 
0.13 

-0.21 
-0.36 
-0.35 
-1.54 

i) 

i) 
i) 
i) 
D- 
D- 
E 

ca 

Is 
Is 
Is 
Is 
Is 
Is 

r 

30 
(13) 

4674.2 

4683.02 
4665.87 
4730.52 
4683.80 
4619.66 
4638.28 

226676 

226820 
226527 
226820 
226527 
226527 
226400 

248064 

248168 
247954 
247954 
247872 
248168 
247954 

9 

5 
3 
5 
3 
3 
1 

9 

5 
3 
3 
1 
5 
3 

1.3 

0.95 
0.32 
0.52 
1.3 
0.33 
0.43 

0.42 

0.31 
0.10 
0.10 
0.14 
0.18 
0.42 

58 

24 
4.8 
8.1 
6.4 
8.1 
6.4 

0.58 

0.19 
-0.52 
-0.30 
- 0.38 
-0.27 
-0.38 

I) 

D 
[)- 
D- 
D- 
D- 
D- 

ca 

Is 
Is 
Is 
Is 
Is 
Is 

31 :<P<'-»5 
(15) 

752/. 2 

4554.00 
4494.05 
4468.45 

226676 

226820 
226527 
226400 

248773 

248773 
248773 
248773 

9 

5 
3 
1 

3 

3 
3 
3 

1.4 

0.76 
0.46 
0.16 

0.14 

0.14 
0.14 
0.14 

19 

11 
6,2 
2.1 

0.10 

-0.15 
-0.38 
-0.85 

1) 

1) 
!) 
1) 

ca 

Is 
Is 
Is 

32 

33 

'!*°—«D 
(44) 

'I'o-'S 

(46) 

8341.93 

4341.40 

235951 

235951 

247935 

258979 

3 

3 

5 

1 

0.26 

1.8 

0.46 

0.17 

38 

7.2 

0.14 

- 0.30 

1) 

D 

ca 

ca 
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Si III.   Allowed Transitions — Continued 

N... 

34 

Transition 
Arra\ 

3*4/>- 
3.s(2S)4</ 

3s4/>- 
3*l*S)5s 

35 

36 

37 

38 

39 

40   3.<s4</- 
3s 12S 1.5/; 

41 

42 

43 

44 

3s4d- 
3si2S)5/ 

,3.<4(/- 
3s(-'S)6p 

45 

46 

3.s4,/- 
to*s*>f 

3JS4/- 

3s(«S)5f/ 

Mnlli|>lt-i 

1.5) 

T-'l) 
(7i 

4'°-'S 
(6) 

(81 

3**/*- i|"_'S 
3*I2SI6J    III A 651 

'F°-'S 
11 V 70} 

(8.03) 

'D-'F° 
(8.08) 

•■'D-:,FD 

(8.061 

!D-'F° 
(8.09) 

(8.07) 

"D-'F"0 

(IV 78) 

'D-'F0 

ll V8!) 

'P-'D 
(8.13) 

Al A) 

WO 1.1 

3805.54 
3796.11 
3791.41 

13806.71 
|3796.2| 
|3806.7| 

3590.47 

.mr.H 

3241.62 
3233.95 
.3230.50 

3185.13 

1840.8 

1842.06 
1839.59 
1838.47 

1856.06 

7464.5 

7466.32 
7462.62 
7461.89 
7465.67 
7462.35 
17465.61 

9799.91 

3486.91 

4716.65 

MU.h 

3043.93 
.3045.08 
3046.28 
|3043.8| 
[3045.11 
i,3043.8| 

2449.48 

2528.47 

4377.63 

;,<< in 'i AVuin ') A'. A'A 4»i(IO»sec 'I U .S'lal.u.) ■•'*: Kl Accu- Source 

20I5W 9 15 

racy 

IT5.Wi 3.4 1.2 140 1.03 D ca 

175336 
175263 
175230 
175336 
175263 
175336 

201599 
201598 
201598 
201598 
201598 
201598 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

3.4 
2.6 
2.0 
0.88 
1.5 
0.095 

1.0 
0.93 
1.3 
0.19 
0.32 
0.012 

65 
35 
16 
12 
12 
0.78 

0.71 
0.45 
0.11 

-0.02 
-0.02 
-1.22 

D 
D 
I) 
D- 
D- 
E 

h 
Is 
Is 
Is 
Is 
Is 

176487 204331 3 5 3.9 1.2 44 0 57 D ra 

175300 206176 9 3 4.0 0.21 20 0.28 D ca 

17.5336 
17.5263 
1752.30 

206176 
206176 
206176 

5 
3 
1 

3 
3 
3 

2.3 
1.3 
0.45 

0.21 
0.21 
0.21 

11 
6.7 
2.2 

0.03 
-0.20 
-0.68 

D 
D 
D 

Is 
Is 
Is 

176487 207874 3 1 3.8 0.19 6.1 -0.24 D ca 

175300 229623 9 3 1.7 0.028 1.5 -0.60 D ca 

175.336 
17526.3 
1752.30 

229623 
229623 
22962,3 

5 
3 
1 

3 
3 
3 

0.93 
0.55 
0.18 

0.028 
0.028 
0.028 

0.86 
0.51 
0.17 

-0.85 
-1.08 
-1.55 

D 
D 
D 

Is 
Is 
Is 

176487 230364 5 3 1.6 0.027 0.50 -1.08 D ca 

■JOI.W 2I4W2 15 9 0.65 0.33 120 0.69 D ca 

201599 
201598 
201598 
201598 
201598 
201598 

214989 
214995 
214995 
214989 
214995 
214989 

7 
5 
3 
5 
3 
3 

5 
3 
1 
5 
3 
5 

0.54 
0.49 
0.63 
0.097 
0.16 
0.0065 

032 
0.24 
0.18 
0.081 
0.14 
0.0091 

56 
30 
13 
10 
10 
0.67 

0.36 
0.08 

-0.27 
-0.39 
-0.38 
-1.56 

D 
D 
D 
D 
D 
£ 

1: 
Is 
Is 
Is 
Is 
Is 

204331 214995 5 3 0.39 0.34 55 0.23 D ca 

2015V) 230270 15 21 1.8 0.45 78 0.83 D ca 

204.331 225526 5 7 2.8 1.3 100 0.81 D ca 

JOI.W) 234414 15 9 0.22 0.019 2.8 -0.55 D ca 

201599 
201598 
201598 
201598 
201598 
201598 

234442 
234428 
234415 
234442 
234428 
234442 

7 
5 
3 
5 
3 
3 

5 
3 
1 
5 
3 
5 

0.19 
0.17 
0.22 
0.033 
0.055 
0.0023 

0.019 
0.014 
0.010 
0.0046 
0.0076 
5.3x10 J 

1.3 
0.70 
0.31 
0.23 
0.23 
0.016 

-0.89 
-1.15 
-1.52 
-1.64 
-1.64 
-2.80 

D 
D 
D 
D- 
D- 
E 

Is 
Is 
Is 
Is 
Is 
Is 

20I5W 242411 15 21 1.2 0.15 18 0.35 D- ca 

204331 243869 5 7 0.81 0.11 4.5 -0.27 D- ca 

204828 227665 7 5 0.085 0.017 1.8 -0.91 D ca 
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Si III.   Allowed Transitions — Continued 

No. Transition 
Array 

Multiplei xi A) Ailcm ') fcV in ') tu f-'* .-fl,(10"s«T ') /;* .Slat, u.l 

0.17 

Accu- 
racy 

1) 

Source 

48 :iF»_..r) 5707. i 200570 227086 21 15 0.20 0.071 28 ra 
(8.17) 

5716.29 :'96O0 227089 9 7 0.19 0.074 12 -0.18 1) Is 
5704.60 209559 227084 7 5 0.18 0.063 8.3 -0.36 1) Is 
5696.50 209531 227081 5 3 0.20 0.060 5.6 -0.52 1) Is 
5703.12 209559 227089 7 -7 

1 0.016 0.0076 1.0 -'..27 D- Is 
5695.52 209531 227084 5 5 0.022 0.011 1.0 -1.26 D- Is 
15693.8] 20953! 227089 5 7 4.5 X 10 ' 3.1 x 10 ' 0.029 -2.81 E Is 

49 3s5p — 
3s('S)5rf 

•P°-'D 
110.01) 

7612.36 214532 227665 3 5 1.1 1.5 120 0.66 1) ra 

50 
(10.06) 

8266.i 2I4W2 227086 9 15 0.93 1.6 390 1.16 1) ra 

8262.57 214989 227089 5 7 0.91 1.3 180 0.81 D Is 
8269.32 214995 227084 3 5 0.70 1.2 97 0.56 D Is 
8271.94 214995 227081 1 3 0.51 1.6 43 0.20 D Is 
8265.64 214989 227084 5 5 0.23 0.24 32 0.08 D Is 
8271.38 214995 227081 3 3 0.38 0.39 32 0.07 D Is 
8267.75 214989 227081 5 3 0.026 0.016 2.2 -1.10 E Is 

51 3i5p — 
3s(2S)65 

•P°-'S 
(10.02) 

6314.46 214532 230364 3 1 1.2 0.25 15 -0.13 D ra 

52 
(10.07) 

6832.') 2I4W2 229623 9 3 1.3 0.31 63 0.45 D ca 

6831.56 214989 229623 5 3 0.74 0.31 35 0.19 1) Is 
6834.08 214995 229623 3 3 0.44 0.31 21 -0.03 D Is 
6834.38 214995 229623 1 3 0.15 0.31 7.0 -0.51 D Is 

53 355/» — 
3s!2S)7s 

•P°-'S 
(10.04) 

3569.67 214532 242538 3 1 0.58 0.037 1.3 -0.% D ra 

54 :.po_:>S 

(10.09) 
3681.8 214002 242145 9 3 0.61 0.041 4.5 -0.43 I) ra 

3681.40 214989 242145 5 3 0.33 0.041 2.5 -0.69 D Is 
3682.15 214995 272145 3 3 0.20 0.041 1.5 -0.91 D Is 
3682.25 214995 242145 1 3 0.067 0.041 0.50 -1.39 D Is 

55 355d- 
35(2S)6/ 07) 

652.15 227086 242411 15 21 0.38 0.34 110 0.71 D ra 

6524.36 227089 242412 7 9 0.39 0.32 48 0.35 D Is 
6522.63 227084 242411 5 7 0.34 0.31 33 0.19 D Is 
6521.49 227081 242411 3 5 0.32 0.34 22 0.01 D Is 
16524.8] 227089 242411 7 7 0.043 0.027 4.1 -0.72 D- Is 
[6522.6] 227084 242411 5 5 0.060 0.038 4.1 -0.72 D- Is 
16524.8] 227089 242411 7 5 0.0018 8.0x10 J 0.12 -2.25 E Is 

56 'D -'F° 
(22) 

6169.84 227665 243869 5 7 0.12 0.099 10 -0.30 D ra 

57 3s5d- 
35(2S)7p 

iD-'P° 
(18) 

M){) A 227086 244().i8 15 9 0.10 0.029 7.9 -0.36 I) ra 

5599.25 227089 244943 7 5 0.086 0.029 3.7 -0.69 D Is 
5600.95 227084 244933 5 3 0.077 0.022 2.0 -0.% D Is 
5601.46 227081 244929 3 1 0.10 0.016 0.88 -1.32 D- Is 
5597.90 227084 244943 5 5 0.015 0.0072 0.66 — 1.44 D- Is 
5600.00 227081 244933 3 3 0.025 0.012 0.66 -1.44 D- Is 
[5596.9] 227081 244943 3 5 0.0010 8.0X10 4 0.044 -2.62 E Is 

58 iD-'l'" 5810.19 227665 244871 5 3 0.078 0.024 2.3 -0.92 D ra 
I 
1 

(23) 



Sim 
Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The resuhs for the :,P—:,P° transitions 
are essentially independent of the choice of the interaction parameters. For the 3P° — 'P° transi- 
tions, Naqvi uses empirical term intervals, i.e., the effects of configuration interaction should be 
partially included. 

Reference 
[1] Naqvi. A. VI.. Tlu-sis Harvard (1951). 

Si III.    Forbidden Transitions 

No. 
Transition 

Array Multiplet X(Ä) fifcm') Wcra'l f!i Hk 
Type of 
Transi- 

tion 
.4*1 (sec"') S(at.u.) 

Accu- 
racy Source 

1 3s3p-3.M-S)3p :ip°_:ip° 
[77.74 xlO«] 
[38.201 x Kr1] 

52724.7 
52853.3 

52853.3 
53115.0 

1 
3 

3 
5 

m 
m 

3.83 x 10» 
2.42 x lO"4 

2.00 
2.50 

A 
A 

1 
1 

2 :ipo_ip<j 

3314.7' 
3328.9 
3358.2 

52724 7 
52853.3 
53115.0 

82884.4 
828844 
82884.4 

1 
3 
5 

3 
3 
3 

m 
m 
m 

0.0182 
2.22 
0.0219 

7.4 x 10-» 
0.0091 
9.2 x 10-» 

C 
C 
C 

1 
1 
1 

(•round State 

loni/.ution Potential 

Si iv 

Allowed Transitions 
List of tabulated lines: 

bW2p83s 2S„2 

45.14 eV = 364093.1 cm"1 

Wavelength [A| No. Wavelength [A] No. Wavelength [A] No. 

437.849 :, 1533.22 21 4038.06 37 
438.734 5 1672.61 23 4088.85 13 
457.818 2 1722.53 8 4116.10 13 
458.155 2 1727.38 8 4212.41 31 
515.118 4 1796.16 19 4314.10 26 

516.348 4 1796.17 19 4328.18 26 
559.533 7 1797.50 19 4403.73 41 
560.980 7 2120.18 15 4411.65 35 
645.759 12 2127.47 15 4416.51 35 
749.941 11 2287.04 20 4602.58 38 

815.049 3 2366.76 27 4611.27 38 
818.129 3 2370.99 27 4950.11 33 
860.551 9 2482.82 25 5304.97 39 
860.560 9 2485.38 25 5309.49 39 
861.118 9 2675.2 22 6667.56 28 

1066.63 10 2723.8i 32 6701.21 28 
1122.49 6 2971.52 34 6998.36 40 
1128.33 6 3149.56 17 7047.94 29 
1128.34 6 3165.71 17 7068.41 29 
1210.65 14 3241.57 30 7630.50 36 

1211.76 14 3241.58 30 7654.56 36 
1228.35 16 3^44.19 30 8240.61 42 
1230.80 16 ■3762.44 18 8957.25 24 
1393.76 1 3773.15 18 9018.16 24 
1402.77 1 4031.39 37 
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Sell-consistent field calculations including polarization and exchange effects by Douglas and 
Carstang |1] are available for several muitiplets of this ion. The values are expected to be accurate 
to within 25 percent, except for the transitions 3s —4/; and 3/> — \d where large cancellation effects 
occur in the transition integral. Similar but less refined calculations by Chapman, Clarke, and 
Aller [2] are adopted for those transitions which Douglas and Carstang have not covered. 

For Si IV. a member of the sodium isoelectronic sequence, it is possible to utilize extensively 
the dependence of oscillator strengths on nuclear charge for the inlercomparison of analogous 
transitions. Thus, the degree of fit of the individual /-values into the systematic trends has served 
as one of the decisive factors for the choice of accuracy assignments. 

References 

[1] Douglas, A. S., and Carstanu. R. H.. Pruc. Cambridge Phil. Sue, 58, 377-381 (1962). 
[21 Chapman, R. D.. Clarke, W. H., and Aller. L H.. Astrophys. J. 144, 376-380 (1966). 

Si IV. Allowed Transitions 

No. Transition 
Array 

Multiple! X(Ai Eitern') &|cm ') Ki tik .4K! 10" sec•') /«• .Si at. ii.) l»g Hi Accu- 
racy 

Source 

,  

1 3s — 3p -S--P0 

ll'V 1) 
I3V6.7 0 71595 2 6 9.15 0.803 7.38 0.206 11 1 

1393.76 0 71749 2 4 9.20 0.536 4.92 0.030 B Is 
1402.77 0 71288 2 2 9.03 0.266 2.46 -0.274 B Is 

2 3s — 4/> SS--P0 

ll'V 2) 
457.m 0 218375 2 6 3.5 0.033 0.10 -1.18 1) 1 

457.818 0 218429 2 4 3.6 0.023 0.068 -1.34 I) Is 
458.155 0 218267 2 2 3.6 0.011 0.034 -1.66 I) Is 

3 3/J-4S ,p„_,s 

(UV4) 
817.10 7I5')5 193979 6 2 36.8 0.123 1.98 -0.132 <: + 1 

818.129 71749 193979 4 2 24.4 0.123 1.32 -0.308 <: + Is 
815.049 71288 193979 2 2 12.3 0.123 0.66 -0.61 <: + Is 

4 3/) — 5s 
(IV 6) 

5I5.V3 7/595 265418 6 2 12 0.016 0.17 -1.01 D ca 

516.348 71749 265418 4 2 8.2 0.016 0.11 -1.18 i) Is 
515.118 71288 265418 2 2 4.1 0.016 0.055 -1.49 D Is 

5 3/; — 6s ,|,o_,s 

(I'V 8) 
438.44 7I5>)5 299677 6 2 6.4 0.0061 0.053 -1.44 D ca 

438.734 71749 299677 4 2 4.2 0.0061 0.035 -1.61 i) Is 
437.849 71288 299677 2 2 2.2 0.0062 0.018 -1.91 D Is 

6 3u — 3d -P°--D 
(UV3) 

1126.4 7/59.5 160375 6 10 26.4 0.84 18.6 0.70 <: + 1 

1128.34 71749 160374 4 6 26.3 0.75 11.2 0.477 c + As 
1122.49 71288 160376 2 4 22.2 0.84 6.2 0.225 c + Is 
1128.33 71749 160376 4 4 4.37 0.083 1.24 -0.479 C4 Is 

7 3p-U .p=_2D 

(I'V 5) 
560.50 7/595 250008 6 10 1.0 0.0081 0.090 -1.31 I)- 1 

560.980 71749 250003 4 6 1.0 0.0073 0.054 -1.53 1)- Is 
559.533 71288 250008 2 4 0.87 0.0081 0.030 -1.79 D- 1-, 
560.980 71749 250008 4 4 0.17 8.1X10 -* 0.0060 -2.49 D- Is 

8 3</-4p 
(I'V 101 

1724.1 160375 218375 10 6 5.5 0.14« 8.4 0.170 <: 1 

1722.53 160374 218429 6 4 4.96 0.147 5.0 -0.055 <: Is 
1727.38 160376 218267 4 2 5.5 0.123 2.80 -0.308 c Is 
1722.53 160376 218429 4 4 0.55 0.0247 0.56 -1.005 c Is 

9 3</-5/> -D--P° 
(IV 121 

860.74 161)375 276554 10 6 1.8 0.012 0.33 -0.93 D ra 

860.551 160374 276579 6 4 1.6 0.012 0.20 -1.15 1) Is 
861.118 160376 276504 4 2 1.8 0.0098 0.11 -1.41 D Is 
860.560 160376 276579 4 4 0.18 0.0020 0.022 -2.11 D Is 



Si IV. Allowed Transitions — Continued 

15 

16 

17 

18 

19 

20 

21 

22 

2.'5 

24 

25 

4.v — 5/; 

\p — 5s 

i/> — 6s 

4/» — id 

4rf-5p 

4r/-6/> 

4</-5/ 

\d-bf 

4/-5rf 

4/ W 

55-5/» 

5.s — 6/> 

,s_,,,o 

(IV 16) 

(IV 18) 

-l,0--S 
(IV 20) 

(2) 

(31 

-D-T° 
(UV 23) 

(IV 22) 

(IV 24) 

(IV 25) 

-F°     D 
(IV 27) 

(3.01) 

,s_..|)0 

(I V 29) 

40<)7.<) 

4088.85 
4116.10 

1211.0 

1210.65 
1211.76 

2125.0 

2127.47 
2120,18 

1230.0 

1230.80 
1228.35 

3160.3 

3165.71 
3149.56 
3165.71 

3766.0 

3762.44 
3773.15 
3762.44 

/ '96.6 

1796.16 
1797.50 
1796.17 

2287.04 

1533.22 

2675.2 

1672.61 

8>>77.4 

8957.25 
9018.16 

2481.7 

2482.82 
2485.38 

A-ilcnr1) fitlcm ') 

160375 254128 

160375 293719 

160375 315230 

193979 218375 

193979 
193979 

218429 
218267 

193979 2765.54 

193979 
193979 

276579 
276504 

218375 265 M8 

218429 
218267 

265418 
265418 

218375 299677 

218429 
218267 

299677 
299677 

218375 250008 

218429 
218267 
218429 

250008 
250008 
250008 

250008 276554 

250008 
250008 
250008 

276579 
276504 
276579 

250008 305668 

250008 
250008 
250008 

305682 
305641 
305682 

250008 293719 

250008 315230 

254128 291498 

254128 313915 

265418 276554 

265418 
265418 

276579 
276504 

265418 M5668 

265418 
26.418 

305682 
305641 

10 

10 

10 

10 

14 

14 

A'* 

14 

14 

14 

14 

10 

10 

/**(<10"SM' '! 

39.1 

14.5 

7.0 

1.56 

1.56 
1.54 

0.36 

0.36 
0.37 

9.0 

6.0 
3.00 

3.92 

2.60 
1.30 

4.75 

4.75 
4.02 
0.79 

2.37 

2.14 
2.36 
0.240 

0.87 

0.78 
0.87 
0.087 

6.4 

3.57 

0.280 

0.12 

0.420 

0.421 
0.413 

0.066 

0.066 
0.066 

f». 

0.93 

0.171 

0.061 

1.17 

0.784 
0.391 

0.024 

0.016 
0.0082 

0.203 

0.204 
0.202 

0.0296 

0.0295 
0.0294 

1.19 

1.07 
1.20 
0.119 

0.303 

0.303 
0.252 
0.051 

0.0254 

0.0253 
0.0210 
0.00421 

0.70 

0.176 

0.0215 

0.0036 

1.52 

1.01 
0.50 

0.018 

0.012 
0.0061 

.Slat, u.) W Kf Accu- 
racy 

32.8 0.97 C + 

4.23 0.233 C 

1.3 -0.21 D 

31.7 0.369 B 

21.1 0.195 B 
10.6 -0.107 B 

0.19 -1.32 D 

0.12 -1.51 D 
0.066 -1.78 D 

8.5 0.086 C + 

5.7 -0.089 C + 
2.82 -0.394 c + 

0.72 -1 5 c 

0.478 -0.93 c 
0.238 -1.231 c 

74 0.85 c + 
44.6 0.63 c + 
24.8 0.380 c + 
4.% -0.322 c + 

37.5 0.481 c 
22.5 0.260 c 
12.5 0.003 c 
2.53 -0.69 c 
1.50 -0.60 c 
0.90 -0.82 c 
0.497 -1.076 c 
0.100 -1.77 c 

53 0.85 c 

8.9 0.246 c 

2.65 -0.52 c 

0.28 -1.30 D 

90 0.483 c 

60 0.307 c 
29.9 0.003 c 
Ü.30 -1.44 D 

0.20 -1.62 D 
0.10 -1.91 D  [ 

• Source 

Is 
Is 

Is 
Is 

Is 
Is 

Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 

Is 
Is 
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Si IV. Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! \(A) Eiivm ') Etlrin ') m A'A .4*1(10" sec ') ./* Nut.ii.l loji «/ Accu- 
racy 

Source 

26 
5/; — 6s ,|,o_,.S 

(4) 
4323.5 

4328.18 
4314.10 

176554 

276579 
276504 

299677 

299677 
299677 

6 

4 
2 

2 

2 
2 

3.21 

2.14 
1.08 

0.300 

0.300 
0.300 

25.6 

17.1 
8.5 

0.255 

0.077 
-0.222 

C 

<: 
<: 

2 

Is 
Is 

27 5p — 7s J|>o_sS 

(IV 31» 
2370.0 

2370.99 
2366.67 

276554 

276579 
276504 

318743 

318743 
318743 

6 

4 
2 

2 

2 
2 

1.47 

0.98 
0.490 

0.0412 

0.0413 
0.0411 

1.93 

1.29 
0.64 

-0.61 

-0.78 
-i.oa5 

<: 

c 
c 

ca 

Is 
Is 

28 Sp-5d 
(3.02) 

668<).H 
6701.21 
6667.56 
6701.21 

276554 
276579 
276504 
276579 

291498 
291498 
291498 
291498 

6 
4 
2 
4 

10 
6 
4 
4 

1.36 
1.36 
1.14 
0.226 

1.52 
1.37 
1.52 
0.152 

201 
121 
67 
13.4 

0.96 
0.74 
0.484 

-0.216 

<: 
<: 
c 
<: 

ca 
Is 
Is 
Is 

29 Sd-6/> -D--r 
(4.01) 

7055.2 

7047.94 
7068.41 
7047.94 

291498 

291498 
291498 
291498 

305668 

305682 
305641 
305682 

10 

6 
4 
4 

6 

4 
2 
4 

1.00 

0.90 
1.00 
0.100 

0.448 

0.447 
0.374 
0.074 

104 

62 
34.8 
6.9 

0.65 

0.428 
0.175 

-0.53 

c 
c 
c 
<: 

ca 

Is 
Is 
Is 

30 5d-7/> -D--r 
(5.01) 

3242.4 

3241.58 
3244.19 
3241.57 

291498 

291498 
291498 
291498 

322330 

322338 
322313 
322338 

10 

6 
4 
4 

6 

4 
2 
4 

0.412 

0.371 
0.410 
0.0413 

0.0390 

0.0390 
0.0324 
0.0065 

4.16 

2.50 
1.38 
0.277 

-0.409 

-0.63 
-0.89 
-1.59 

<: 

c 
<: 
c 

ca 

Is 
Is 
Is 

31 5d-6/ -D--F0 

15) 
4212.41 291498 315230 10 14 1.72 0.64 89 0.81 c 2 

32 5d-7f ^D--F° 
<UV 32) 

2723.81 291498 328200 10 14 1.1 0.17 15 0.23 f) ca 

33 5f-6d -'F0--D 
(5.02) 

4950.11 293719 313915 14 10 0.205 0.054 12.3 -0.123 <: ca 

34 Sf-7d -F°--D 
(IV 33) 

2971.52 293719 327362 14 10 0.10 0.0095 1.3 -0.88 D ca 

35 6s — lp -S--P0 

(8) 
441H.2 299677 322330 2 6 0.018 0.015 0.45 -1.52 i) ca 

4411.65 
4416.51 

299677 
299677 

322338 
322313 

2 
2 

4 
2 

0.018 
0.018 

0.010 
0.0052 

0.30 
0.15 

-1.70 
-1.98 D 

Is 
Is 

36 6/» — Is 
(•» 

7646.1 305668 3>rf743 6 2 1.34 0.391 59 0.370 <: ca 

7654.56 
7630.50 

305682 
305641 

318743 
318743 

4 
2 

2 
2 

0.88 
0.440 

0.387 
0.384 

40.0 
19.3 

0.189 
-0.115 

c 
<: 

Is 
Is 

37 6/J-& 
(11) 

4035.7 

4038.06 
4031.39 

305668 

305682 
305641 

330440 

330440 
330440 

6 

4 
2 

2 

2 
2 

0.65 

0.435 
0.217 

0.053 

0,053 
0.053 

4.24 

2.83 
1.41 

-0.498 

-0.67 
-0.97 

c 
<: 
<: 

ca 

Is 
Is 

38 6/;-7(/ -l'"--D 
(10) 

4608.3 

4611.27 
4602.58 
4611.27 

305668 

305682 
305641 
305682 

327362 

327362 
327362 
327362 

6 

4 
2 
4 

10 

6 
4 
4 

0.020 

0.020 
0.018 
0.0033 

0.011 

0.0095 
0.011 
0.0011 

0.98 

0.58 
0.34 
0.064 

-1.18 

-1.42 
-1.65 
-2.37 

D 

1) 
I) 
D 

ca 

Is 
Is 
Is 

39 6d-8p 
;n--r 

(13) 
5306.4 

5304.97 
5309 49 
5304.97 

313915 

313915 
313915 
313915 

332755 

332760 
332744 
332760 

10 

6 
4 
4 

6 

4 
2 
4 

0.209 

0.190 
0.210 
0.0210 

0.053 

0.053 
0.0443 
0.0089 

9.3 

5.6 
3.10 
0.62 

-0.276 

-0.498 
-0.75 
-1.449 

<: 

<; 
c 
<: 

ca 

Is 
Is 
Is 

40 6rf-7/ 
(12) 

6998.36 313915 328200 10 14 0.55 0.56 130 0.75 <: ca 
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S i IV. Allowed Transitions — Continued 

No. Transition 
Arra) 

Multiple! MA) A'idin ') 

313915 

315230 

A*<rin ') A'/ 

10 

14 

fit 

14 

10 

.-«(,( 10" SCC    ') fit .Slal.u.) 

0.23 

0.110 

Accu- 
racy 

D 

C 

Source 

41 

42 

f»d-Sf 

bf-ld 

(14) 

115) 

4403.73 

8240.61 

336617 

327362 

0.41 

0.126 

0.17 

0.092 

24 

34.8 

ca 

ca 

Siv 

(«round Slate ]ss2s-'2pB 'S« 

Ionisation Potential 166.73 eV = 13451 (M) cm   ' 

Allowed Transitions 

Calculations by Kastner. Omidvar. and Underwood [lj, employing! Hartree-Fock wavef und ions 

and including intermediate coupling, are available. Since tbe calculations are based on a single- 

configuration approximation only, uncertain ies of up to 50 percent are expected for the strong 

lines and even higher uncertainties for the we ik lines, the latter being more affected by assumptions 

about the coupling. 

Reference 

|1| Kästner. S. ().. Omidvar. K.. and Underwood..!. H.. Astrophys. .1. 148, 269-273 (1967). 

Si V. Allowed Transitions 

* 
I 

' -                        - 

No, Transition MII It i|>l(-| Al Al 
Array 

1 2/-,l-2/."'(-l^,)3.v iS-''P° 
[118.97] 

2 2/>"-2/,W?L.)3s !kS_lp° [117.86] 

3 2/,"-2/,:M-T$,)3</ 'S-:'|'° 
[98.209] 

4 2/>'i-2/»'(-l,M3<7 'S — 'l*° [97.143] 

5 2/>"~2/,'t-T?:,l3<7 'S--1!)0 

[96.439] 

A'.din ') A'ntcni 'I 

840560 

848460 

1018240 

1029410 

1036930 I  3 

.4wll0"sei- 'I 

33 

3(H) 

8.8 

2(HX) 

480 

0.021 

0.19 

0.0038 

0.84 

0.20 

.Slat. ii. I W «/ 

0.0082  -1.68 

0.074 ! -0.72 

0.0012 

0.27 

0.063 

-2 42 

-0.08 

-0.70 

Uni 
racv 

K 

I) 

K 

1) 

l> 
J 

Source 

»08-022 Ü-69—0 
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Si vi 

(Ground Stale lj*2i*3p"I% 

Ionizati<>n Potential 205.11 eV =1654800 cm-■ 

Allowed Transitions 

The value for the 2s-2p3 -P°—2s2p* 2S multiplet is calculated from the nudear charge-expansion 
method of Cohen and Dalgarno [1]. It may be quite uncertain since configuration interaction effects 
with configurations involving the n = 3 shell electrons, which were not included in this calculation, 
may be significant. 

Reference 

[1] Cohen. M.. and Dalgarno, A.. Pruc. Roy. Soc. London A280, 258-270 (1%4). 

Si VI. Allowed Transitions 

No. Transition 
Array 

Multiple! MA) £,(im-') Eitern-1) in A ,4*i(10"se> -') /» Slat.u.) l<»!i Hi Accu- 
racy 

Source 

1 2s22/>5-2*2p« 

_ 

247.04 

[246.00j 
[249.13] 

1700 

0 
5100 

406500 

406500 
406500 

6 

4 
2 

2 

2 
2 

370 

250 
120 

0.11 

0.11 
0.11 

0.55 

0.37 
0.18 

-0.18 

-0.36 
-0.b6 

D 

D 
D 

1 

Is 
Is 

Si vi 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [\], The transition probability should also be quite accurate, since 
the energy level difference is accurately ,sr.own. 

Reference 

11] Naqvi. A. M.. Thesis Harvard (1951). 

Si VI.    Forbidden Transitions 

No. 
Transition 

Array Multiple! X(Ä) Jf,(cm-') £*(cnr'j Ki Hi,- 

Type of 
Transi- 

tion 
Ami sec1) S(at.u.) 

Accu- 
racy Source 

1 2p'-2p5 ipo_tpo 

[19603] 0 5100 4 2 m 2.38 1.33 A 1 



Si vii 

Ground State l5!2s22/>4 :,P2 

lonization Potential 246.41 eV= 1988000 cm-' 

Allowed Transitions 

The values are calculated from the charge-expansion method of Cohen and Dalgarno [1] 
which includes limited configuration mixing. From comparisons with other ions in the isoelectronic 
sequence, uncertainties should be within 50 percent. 

Reference 

[1] Cohen, M., and Dalgarno, A., Proc. Roy. Soc. London A280, 258-270 (1964). 

Si VII. Allowed Transitions 

No. Transitinn 
Array 

Multiple! AIÄ) ftlcm-') £*lcm->) A Mk ArfW sec-') fa Slat.u.) W Kf Accu- 
racy 

Source 

1 2^2i>*-2j2iri :ip _ :i|>° 275.46 l%2 ;i64<m 9 9 160 0.18 1.5 0.21 D 1 

275.35 
275.67 
272.64 
274.18 
278.44 
276.85 

0 
4030 

0 
4030 
4030 
5570 

363170 
366780 
366780 
368760 
363170 
366780 

5 
3 
5 
3 
3 
1 

1 
J 
3 
1 
5 
3 

120 
39 
70 

170 
39 
54 

0.14 
0.044 
0.047 
0.063 
0.076 
0.19 

0.62 
0.12 
0.21 
0.17 
0.21 
0.17 

-0.15 
-0.88 
-0.63 
-0.72 
-0.64 
-0.72 

D 
D 
D 
D 
D 
D 

Is 
Is 
Is 
Is 
Is 
Is 

2 'D-'P8 
[217.83] 47000 506080 5 T 270 0.12 0.42 -0.22 0 1 

3 'S-'P° [246.12] 99780 506080 1 3 41 0.11 0.090 -0.96 D 1 

Si vii 

Forbidden Transitions 

As in the case of Na IV the adopted values are taken from Naqvi [1], and Malville and Berber 
[2|. For a discussion on the selection of values see Na IV, since the same considerations have been 
applied. 

References 

|1| Naqvi. A. M.. Thesis. Harvard (1%1). 
[2| Malville. J. M. and Beryer. R. A.. Planetary and Space Science IS, 1131-1136 (1 #5). 
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Si VII. Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiple) X(Ä) Eiivm ■') ftrU-m ') Pi A'A Transi- 

tion 
.4w(»ec '} .SUt.u.) racy Sourcr 

1 2p*-2p* :ip_..p 

1 24807 0 4030 5 3 e 2.70 X 10" 0.0452 C- 1.2 
24807 0 4030 5 3 m 1.46 2.49 B 1,2 
17948 0 5570 5 1 e 1.82 X 10-» 0.0202 C- 2 
64920J 4030 5570 3 1 m 0.196 2.00 b 1.2 

2 ■P-'D 
2127.0 0 47000 5 5 e 0.0074 9.6 x 10 4 

D- 1.2 
2127.0 0 47000 5 5 m 12.7 0.0226 c 1 
2326.5 4030 47000 3 5 e 6.8 X 10-4 1.4 X 10 4 

D- 1,2 
2326.5 4030 47000 3 5 m 3.24 0.0076 C 1 

[2413.0J 5570 47000 1 5 e 2.5 x 104 6.1X10-'' D- 2 

3 •'P-'S 
[1002.2] 0 99780 5 1 e 0.11 6.3 x 10 -'• r>- 2 
[1044.4] 4030 99780 3 1 m 148 0.0063 c 2 

4 'D-'S 
[1894.7] 47000 99780 5 1 e 5.5 0.080 c- 2 

Si VIII 

Ground State 

lonization Potential 

Allowed Transitions 

14*21*%»* 4S« 

303.07 eV = 2445110 cm"1 

Values for all the listed transitions are calculated from the nuclear charge-expansion method 
of Cohen and Dalgarno [1], which includes limited configuration mixing. Judged from graphical 
comparisons wuh other ions in the isoelectronic sequence and from the general success of Cohen 
and Dalgarno's method for similar atomic systems, uncertainties within 50 percent are indicated. 

Reference 

[lj Cohen, M.. and Dalgarno. A.. Proc. Roy. Sue. Louden A280, 2,r)!t-;>70 (1964). 

Si VIII. Allowed Transitions 

No. Tran, .if!, m 
Ar-.y 

Multiple! Kik) fc'ilcm ') E*(cm ') Hi Ilk /U10* sec  ') /i* .S'lat.u.) W Hi' Accu- 
racy 

1) 

Source 

1 2s-2/>:,-2s2/>, 'S0-'!' ■117 M 0 .H47H2 4 12 49 0.22 0.93 -0.06 1 

[319.83 0 312670 4 6 49 0.11 0.47 -0.36 D /* 
316.20 0 316260 4 4 50 0.074 0.31 -0.53 I) Is 

[314.31] 0 318160 4 2 52 0.039 0.16 -0.81 D Is 

2 *D°-3D 277 M [67:108] [428:f24] 10 10 110 0.13 1.2 0.11 D 1 

[277.101 [67420] [428300] 6 6 110 0.12 0.67 -0.14 1) Is 
[276.84 67140 428360 4 4 100 0.12 0.43 -0.32 D Is 
277.051 67420 428360' 6 4 11 0.0088 0.048 -1.28 E Is 
276.89 67140 [42a300] 4 6 7.6 0.013 0.048 -1.28 E Is 

94 



Si VIII.  Allowed Transitions — Continued 

No. Transition 
Array 

Multiple« 

.•D°--T 

-r-'D 

2|»=_^S 

,r_.,i, 

MAI 

216.18 

216.92 
214.75 
216.79 

M8.06 

308.26 
307.65 
308.20 

250.84 

[250.97] 
[250.60] 

2H4M 

235.561 
232.85 
233.16 
235.24 

EMm ') 

[iW.WMJ] 

67420 
67140 
67140 

[103707] 

103900 
103320 
103900 

[103707] 

[1039001 
[103320] 

[101707] 

[103900 
103320 
103900 
103320 

A'AIC-III '] 

[529877] 

[528420 
532790 
528420 

[428324] 

428300 
428360 
428360 

[502360] 

[502360] 
[502360] 

[.529877] 

528420] 
532790 
532790 
528420 

A f!k 4w(I0"sec '» 

400 

360 
410 
40 

17 

17 
14 
2.9 

240 

160 
77 

120 

97 
80 
40 
19 

0.17 

0.17 
0.14 
0.028 

0.C41 

0.037 
0.041 
0.0042 

0.075 

0.076 
0.073 

0.097 

0.081 
0.065 
0.016 
0.032 

.S'lat.u.) 

1.2 

0.72 
0.40 
0.080 

0.25 

0.15 
0.083 
0.017 

0.37 

0.25 
0.12 

0.45 

0.25 
0.10 
0.050 
0.050 

lof! nl' 

0.23 

0.01 
-0.25 
-0.95 

-0.61 

-0.83 
-1.09 
-1.77 

-0.35 

-0.52 
-0.84 | 

-0.24 

-0.49 
-0.89 
-1.19 
-1.19 

Accu 
racy 

D 
D 
E 

D 
D 
E 

D 
D 

D 
D 
D- 
D- 

Source 

h 
Is 
Is 

Is 
Is 
Is 

Is 
Is 

Is 
Is 
Is 
Is 

Si Viil 

Forbidden Transitions 

AU the values for this ion have been taken from Pa3ternack [lj. The electric quadrupole 
values have been corrected by applying Naqvi's value [2] for the electric quadrupole moment sq. 

References 

|1] Pasternac-k. S,. Astrophys. J. 92, 129 (1940). 
|2| Naqvi. A. M. Thesis Harvard (1951). 

Si VIII.     Forbidden Transitions 

No. 
Transition 

Array Multiple) X(Ä) £,(cnr') ftlcra-') Hi AM 

Type of 
Transi- 

tion 
•/*■(( sec') .S'(at.u.) 

Accu- 
racy Source 

1 2/>:,-2//' \S°_*D° 
1483.2] 
1483.2] 
1489.4] 
1489.4] 

0 
0 
0 
0 

67420 
67420 
67140 
67140 

4 
4 
4 
4 

6 
6 
4 
4 

m 
e 

m 
e 

0.019 
0.0083 
1.1 
0.0053 

1.38 X 10-» 
2.1X10 ~* 
5.4 X 10-' 
9.3 x 10 -» 

C- 
D- 
C- 
D- 

1 
1.2 

1 
1.2 

2 'S°—-'P° 
967.87 
967.87; 
962.46 
962.46 

0 
0 
0 
0 

103320 
103320 
103900 
103900 

4 
4 
4 
4 

2 
2 
4 
4 

m 
e 

m 
e 

29 
3.4 X 10-* 

69 
1.4 X10-4 

0.00195 
3.5 x 10 7 

0.0091 
2.8X10' 

C 
D- 
C 
D- 

1 
1.2 

1 
1.2 

3 äno-aD0 

[35.70 
[35.70 

xlO'] 
xW] 

[67140] 
[67140] 

[67420 
[67420 

4 
4 

6 
6 

m 
e 

2.37 x 10' 
7.7x10-" 

2.40 
0.0016 

B 
D- 

1,2 
1.2 
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Si VIII. Forbidden Transitions - Continued 

Transition Type of Accu- 
No. Array Multiple! X(Ä) £i(cm"') 

i 
£*(cnr') Ki Hk Transi- 

tion 
/4ii(sec ') S(at.u.) racy Soiirce 

4 iDo_2po 

2740.4 67420" 103900 6 4 m 11 0.0336 C 1 
2740.4 67420] 103900] 6 4 e 0.38 0.14 D 2 
2763.1 67140 103320 4 2 ni 12 0.0188 C 1 
2763.1 67140 103320 4 2 e 0.31 0.060 D 2 
2784.7 674201 1033201 6 2 e 0.20 0.040 D 2 
2719.5 67140 103900] 4 4 m 20 0.060 C 1 

[2719.5] [67140] [103900] 4 4 e 0.17 0.059 D 2 

5 «P°_*P° 
[ 17.24 XIO'] 
[ 17.24 X10<] 

[103320] [103900] 2 4 m 0.00175 1.33 B 1,2 
[103320] [103900] 2 4 e 7.1 X 10-" 2.6 X10-* D- 1,2 

Si ix 

Ground State 

Ionization Potential 

Allowed Transitions 

ls22s22p2:,Po 

350.96 eV = 2831470 cm-' 

Most data are obtained from the charge-expansion method of Cohen and Dalgarno [1] which 
includes limited configuration mixing. Graphical comparisons of this material within the iso- 
electrouic sequence depicting the dependence of /-values on nuclear charge have been made, and 
the available experimental data for the lower ions, mostly from lite time measurements, establish 
fairly definitely that the uncertainties should not exceed 50 percent. 

Reference 

[1] Cohen, M., and Dalgarno, A., Proc. Roy. Soc. London A280, 2.W-270 (1964). 

Si ix. Allowed Transitions 

No. Transition 
Array 

Multiplet XIÄ) £i(cm ') ftrlenr') Hi Hk /^llO-sci-1) fa S(at.u.) W nl Accu- 
racy 

Source 

1 2s22p--252|r' :ip_:i[)o M7.40 4452 292306 9 15 28 0.084 0.86 -0.12 D + 1 

349.96 
345.10 
341.95 
'349.77' 
345.01 
349.67| 

6460 
2590 

0 
6460 
2590 
6460 

292210 
292360 
292440 
292360 
292440 
292440 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

27 
21 
16 
6.8 

12 
0.76 

0.069 
0.062 
0.085 
0.013 
0.021 
8.3 X10-4 

0.40 
0.21 
0.096 
0.072 
0.072 
0.0048 

-0.46 
-0.73 
-1.07 
-1.19 
-1.20 
-2.38 

Df 
I) + 
D- 
D- 
D- 
E 

Is 
Is 
Is 
Is 
Is 
Is 

2 :ip _ :ip" 294.44 4452 344080 9 9 70 0.091 0.79 -0.09 D 1 

296.19 
292.83 
296.19 
292.83 
292.83 
290.63 

6460 
2590 
6460 
2590 
2590 

0 

344080 
344080 
344080 
344080 
344080 
344080 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

51 
18 
29 
71 
18 
24 

0.068 
0.023 
0.023 
0.030 
0.038 
0.092 

0.1) 
0.066 
0.11 
0.088 
0.11 
0.088 

-0.47 
-1.16 
-0.94 
-1.05 
-0.94 
-1.04 

D 
D 
D 
D 
D 
D 

Is 
Is 
Is 
Is 
Is 
Is 

! 



Si IX, Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! K(k) £/(em') ftlcm-'l « Hk /ft/(I0Mser-') fa .S'lal.u.) i"iif{f Accu- 
racy 

Source 

3 .■.(>_.lSo 225.97 4452 446980 9 3 390 0.10 0.67 -0.05 D + 1 

227.00 
225.03 
223.72; 

6460 
2590 

0 

446980 
446980 
446980 

5 
3 
1 

3 
3 
3 

210 
130 
45 

0.099 
0.099 
0.10 

0.37 
0.22 
0.074 

-0.31 
-0,53 
-1.00 

D + 
D + 
D + 

Is 
Is 
Is 

4 •D-'D° [258.10] [52960] [440410] 5 5 200 0.20 0.85 0.00 D 1 

5 • D-'P" [227.35] [52960] [492820] 5 3 250 0.12 0.44 -0.22 D 1 

6 'S —' l»° [259.71] [107780] [492820] 1 3 66 0.20 0.17 -0.70 D- 1 

Si ix 

Forbidden Transitions 

1 

The adopted values represents, as in the case of Na VI, the work of Naqvi [1], Malville and 
Berjier [2], and Froese [3], For the selection of values, the same considerations as for Na VI are 
applied, the one exception bein«i that Froese's magnetic dipole values are also used. Since the 
observed energy levels are uncertain, it is felt that the £ and TJ calculated from her theoretical 
energy levels will be as accurate as the experimental ones. 

References 

Naqvi, A. M., Thesis Harvard (1951). 
Malville. J. M. and Berber, R. A.. Planetary and Space Science 13, 1131-1136 (1965). 
Froese. C. Astrophys. J. 145v 932-935 (1966). 

Si ix.   Forbidden Transitions 

No. 
Transition 

Array Multiple! MÄ) Ei{cm~') £*.(cm-') ft ft 
Type of 
Transi- 

tion 
Akl (sec1) .S(at.u.) 

Accu- 
racy Source 

1 2/>il-2p, :.p_:ip 
38600 
Ö476 
25833 
25833 

0 
0 

2590 
2590 

2590 
6460 
6460 
6460 

1 
1 
3 
3 

3 
5 
5 
5 

m 
e 

m 
e 

0.311 
6.1 X 10« 
0.779 
1.05X10" 

1.99 
0.0162 
2.49 
0.0360 

B 
C 
B 
C 

1 
3 

1.3 
3 

2 'P-'D 
1888.2 
1985.3 
1985.3 
2149.9 
2149.9 

0 
2590 
2590 
6460 
6460 

52960 
52960 
52960 
52960 
52960 

1 
3 
3 
5 
5 

5 
5 
5 
5 
5 

e 
m 
e 

m 
e 

5.0 X10-* 
8.0 
0.0018 

18.9 
0.0083 

3.6 X 10-» 
0.0117 
1.6 X10-4 

0.0343 
0.0011 

D 
C 
D 
C 
D 

3 
1.2.3 

3 
1.2.3 

3 

3 
:,P-'S 

[950.66 
[986.9?; 

2590 
6460 

[1077801 
[107780] 

3 
5 

1 
1 

m 
e 

210 
0.17 

0.0067 
9.6X10» 

C 
D 

2.3 
3 

4 'D-'S 
[1824.2] [52960] [107780] 5 1 e 5.4 0.065 C 3 
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Ground State 
Six 

l.s-22s22/>2P?/2 

Ionization Potential 401.3 eV = 3237400 cm " 

Allowed Transitions 

List of tabulated lires: 

Wavelength [A) No. Wavelength [A] No. Wavelength [A] No. 

50.524 10 280.03 6 360.63 7 
50.691 10 280.32 6 361.13 7 
50.703 10 287.25 4 391.85 9 

253.81 3 289.28 4 392.43 9 
256.58 3 292.31 4 398.50 9 

258.39 3 347.43 1 399.11 9 
261.27 3 348.71 5 540.95 8 
272.00 2 349.00 5 553.71 8 
277.27 2 356.07 1 554.45 8 

Values for the majority of the transitions are calculated from the nuclear charge-expansion 
method of Cohen and Dalgarno [1]. which includes limited configuration mixing. Graphical com- 
parisons with other data for the lower ions of this isoelectronic sequence indicate that the uncer- 
tainties should be within 50 percent. 

For the 2p2P° —3cPD multiplet we have obtained data by exploiting the dependence of/-values 
on nuclear charge: In this case accurate data for several other ions of the boron sequence are 
available from extended self-consistent field calculations by Weiss [2] in which configuration mixing 
is fully included. Utilizing those values, which are also supported by some experimental results on 
lower ions, we have obtained for this ion the /-value of the above multiplet simply by graphical 
interpolation. 

References 

[11 Cohen. M.. and Dalgarno. A., Proc. Roy. Soc. London A280, 258-270 (19641. 
[2| Weiss, A. W.. private communication (1967). 

Six .   Allowed Transitions 

No. Transition 
Array 

Multiple) x(A) EMm ') E»(<in ') Hi Hk /*w(10»iwc--') /* .S'lat.u.) log «/ Accu- 
racy 

Sourre 

1 2s*Lp-ts2pl ;p°_*D m.it 4660 287830 6 10 23 0.073 0.51 -0.36 D 1 

[356.07] 
[347.431 
[356.07] 

6990 
0 

6990 

287830 
287830 
287830 

4 
2 
4 

6 
4 

23 
2) 

3.8 

0.066 
0.074 
0.0073 

0.31 
0.17 
0.034 

-0.58 
-0.83 
-1.53 

D 
D 
E 

Is 
Is 
Is 

2 -•p°--'S 27.'i.4° 4660 367650 6 2 97 0.037 0.20 -0.65 D + 1 

[277.27] 
[272.00] 

6990 
0 

367650 
367650 

4 
2 

2 
2 

62 
34 

0.036 
0.037 

0.1* 
0.067 

-0.84 
-1.13 

D + 
D + 

Is 
Is 



Si X.   Allowed Transitions — Continued 

I   \ 

No. Transition 
Array 

Mulliplci A(A| 

■257.7V 

Eiivm'i A*(e-m ') * 

6 

AiM 10" sec ') /'" .S'lat.u.) Ion Hi Accu- 
racy 

Source 

3 Spo_.jp 4660 392580 6 180 0.18 0.90 0.03     D + 1 

258.39 
256.58 
261.27 
253.81; 

6990 
0 

6990 
0 

394000 
389740 
389740 
394000 

4 
2 
4 
2 

4 
2 
2 
4 

150 
120 
57 
31 

0.15 
0.12 
0.029 
0.060 

0.50 
;>.20 
0.10 
0.10 

-0.22 
-0.62 
-0.94 
-0.92 

D + 
D + 
Df 
D + 

Is 
Is 
Is 
Is 

4 2s2ir-2p:< 4P-4S° 2W.44 [I6S888] (510190) 12 4 170 0.071 0.81 -0.07 D + 1 

1292.31 
[289.28 
[287.25; 

[168090 
[164500, 
[162060 

[510190 
[510190 
[510190] 

6 
4 
2 

4 
4 
4 

83 
56 
30 

0.071 
0.071 
0.074 

0.41 
0.27 
0.14 

-0.37 
-0.55 
-0.83 

D + 
D + 
D + 

Is 
Is 
Is 

5 *D--'D° 348.89 287830 574456 10 10 48 0.087 1 0 -0.06 D + 1 

349.00 
348.71 
348.71 
349.00; 

287830 
287830 
28783C 
287830 

574360 
574600 
574600 
574360 

6 
4 
6 
4 

6 
4 
4 
6 

44 
43 
4.8 
3.2 

0.081 
0.078 
0.0058 
0.0087 

0.56 
0.36 
0.040 
0.040 

-0.31 
-0.51 
-1.46 
-1.46 

D + 
D-f 
E 
E 

Is 
Is 
Is 
Is 

6 ->D--,P° 280. 13 287830 \644813) 10 6 78 0.055 0.51 -0.26 D 1 

280.03 
280.32 
280.03 

287830 
287830 
287830 

644940 
644560 
644940 

6 
4 
4 

4 
2 
4 

72 
78 
7.8 

0.056 
0.046 
0.0092 

0.31 
0.17 
0.034 

-0.47 
-0.74 
-1.43 

D 
D 
E 

Is 
Is 
Is 

7 !iS_spo 360.80 367650 [6448/31 2 6 15 0.088 0.21 -0.75 D 1 

[360.631 
[361.13] 

367650 
367650 

[644940] 
[644560] 

2 
2 

4 
2 

15 
15 

0.059 
0.029 

0.14 
0.070 

-0.93 
-1.24 

D 
D 

Is 
Is 

8 2|»_3D« .549.».* 3V2580 .5744.56 6 10 12 0.092 1.0 -0.26 D 1 

' 
554.45 
540.95 
553.71 

394000 
389740 
394000 

574360 
574600 
574600 

4 
2 
4 

6 
4 
4 

12 
11 
2.0 

0.082 
0.093 
0.0092 

0.60 
0.33 
0.067 

-0.48 
-0.73 
-1.43 

D 
D 
E 

ts 
Is 
Is 

9 ip_Spo :m.46 392580 [644813] 6 6 50 0.12 0.92 -0.14 D 1 

« 398.50 
392.43 
399.11 
391.85 

394000 
389740 
394000 
389740 

[644940 
[644560 
[644560 
[644940 

4 
2 
4 
2 

4 
2 
2 
4 

41 
34 
16 
8.4 

0.097 
0.077 
0.019 
0.039 

0.51 
0.20 
0.10 
0.10 

-0.41 
-0.81 
-1.12 
-1.11 

D 
D 
D 
D 

Is 
Is 
Is 
Is 

10 2/;-('S, :/ a,»o_3D .50.6)6 4660 IW)5d2 6 10 9800 0.63 0.63 0.58 C intern 

[50.691 
[50.524 
[50.703 

6990 
0 

6990 

1979'; 30 
197C260 
1979260 

4 
2 
4 

6 
4 
4 

9800 
8200 
1600 

0.57 
0.63 
0.063 

0.38 
0.21 
0.042 

0.36 
0.10 

-0.60 

C 
C 
D 

Is 
Is 
Is 
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Six 

Forbidden Transitions 
List of tabulated lines: 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

431.15 
435 73 
439.21 
442.65 
443.97 

5 
5 
5 
5 
5 

501.10 
795.10 
810.83 
835.14 
941.89 

4 
3 
3 
3 
7 

3794.0 
4525.7 

14302 
16579 
23468 

8 
8 
1 
2 
9 

451.16 
486.40 
492.25 

5 
4 
4 

981.26 
1252.8 

7 
6 

27848 
40972 

2 
2 

For all the values on this ion Garstang [1 j is the only available source. The transition probability 
of the magnetic dipole transition in the ground state 2p configuration should be quite accurate, 
since it does not depend on the interaction parameters. The rest of the magnetic dipole values 
should be good to within 25 percent since the energy levels are experimentally known. 

The electric quadrupole integral $v was determined by two independent methods: (a) extrapo- 
lation within the isoelectronic sequence and (b) by using the Coulomb approximation. The two 
results agreed in predicting an sq of 0.20. 

Reference 

[1] Garstang, R. H.. Ann. Astrophys. 25,109 (1962). 

Si X.    Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiple! x(A) £((cm-') £*(cm-') Hi tf* Transi- 

tion 
Aki(sec-') S(at.u.) racy Source 

1 2p-('S»2p *P°_iP° 
[14302] 
[14302] 

0 6990 2 4 m 3.07 1.33 A 1 
0 6990 2 4 e 1.5 X 10-» 0.021 D 1 

2 2j2p,-2»2p* <P-«P 
40972 162060 r164500 2 4 m 0.32 3.26 C 1 
40972 162060 164500' 2 4 e 7.6X10" 0.0021 D ) 
16579 162060 168090 2 6 e 4.2 X 10" 0.019 D 1 
27848 164500 168090' 4 6 m 0.74 3.56 C 1 

[27848] [1645001 [168090] 4 6 t 4.4 X Id-7 0.026 D 1 

3 n>-*D 
795.10 162060] 287830 2 4 m 4.8 3.58 xlO4 C 1 
795.10 162060 287830 2 4 e 0.024 1.8X10-» D 1 
810.83 164500 237830 4 4 m 18 0.00142 C 1 
810.83] 164500 287830 4 4 e 0.0010 8.3X10' D 1 
835.14 168090 287830 6 4 m 5.7 4.92 x 10-4 C i 
835.14 168090 287830 6 4 e 0.29 2.8 xlO4 D 1 
795.10 [162060 287830 2 6 e 0.0038 4.3 X 10" D 1 
,810.83 164500 287830 4 6 m 10 0.00119 C 1 
810.83 164500 287830 4 6 e 0.26 3.3 X10-4 D 1 
835.14 168090 287830 6 6 m 47 0.0061 C 1 

[835 14] [168090] 287830 6 6 e 0.080 1.2 X 10' D 1 
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S?X.    Forbidden Transitions—Continued 
•   p — 

j T " T ~ Air* 

'" '    ~~" 

transition Typ«- of 
IW A.-.1, Mullipli > A(Ä) £.(cm-') £*U-«K    ) '" *»■ '1 nn»i- 

tioi 
'*(<*«■<• ') .S(al.u.< racy SnurcT 

4 n»-«s I 

«6.40 162060 367650 2 2 m 60 5.1 xlO4 C 1 
492.25 164500 367650 4 2 m 240 0.00212 <; 1 
492.25 164500 367650 4 2 e 0.0072 2.5x10 7 1> 1 
501.10 168090 367650 6 2 e 0.15 5.6X10" D 1 

5 4p_Sp 
[439.21 162060 389740 2 2 m 13 8.2X10 -» C 1 
[443.97 164500 389740 4 2 m 7.6 4.93 X HH c 1 
[443.97 164500 389740 4 2 e 0.10 2.0X10" D 1 
[451.16 168090 389740 6 2 e 0.057 1.3X10" D 1 
[431.IS 162060 394000 2 4 m 5.0 5.9 X 10"» C 1 
[431.15 162060 394000 2 4 e 0.027 9.5X10 T D 1 
[435.73 164500 394000 4 4 m 8.4 1.03X10-« c: 1 
[435.73 164500 394000 4 4 e 0.097 3.6X10" D 1 
[442.65 168090 394000 6 4 m 13 1.67X10 4 c 1 
[442.65 168090 394000 6 4 e 0.043 1.7X10 " 1) 1 

6 *D--'S 
252.8J 287830 367650 4 2 m 0.16 2.33 x 10-» c 1 
252.8] 287830 367650 4 2 e 9.0 0.033 D 1 
252.8] 287830 367650 6 2 e 13 0.049 D 1 

7 *D--'P 
981.26 287830 389740 4 2 m 14 9.8 X 10-« C 1 
981.26 287830 389740 4 2 e 0.67 7.3 X 10-« D 1 
981.26 287830 389740 6 r, e 1.3 0.0014 D 1 
941.89 287830 394000 4 4 m 26 0.00322 C 1 
941.89 287830 394000 4 4 e 0.053 9.4 X 10-* D 1 
941.89] 287830 394000 6 4 m 15 0.00186 C l 

941.89 287830 394000 6 4 e 0.0075 1.3x10» D i 
8 *S--'P 

[4525.7] 367650 389740 2 2 m 11 0.076 C l 
[3794.0] 367650 394000 2 4 m 4.6 0.0373 C l 
[3794.0] 3676S0 394000 2 4 e 2.0X10« 3.7 X 10-4 D l 

9 sp-äp 
[23468] 389740 394000 2 4 m 0.67 1.28 C l 
[23468] 389740 394000 2 4 e 1.2 X 10-« 0.020 D l 

Ground State 

Ionizatiun Potential 

Si XI 

ls22s* 'S« 

476.0 eV = 3840470 cm-' 

Allowed Transitions 
Carstang and Shamey [lj have obtained the/-value for the inlercombination line 2'S.i — 2;,P| 

by calculating the ratio of this line against the resonance transition in the intermediate coupling 
approximation and by using for the resonance line a value calculated according to Cohen and 
Dalgarno's method [2]. The data calculated from the charge-expansion method of Cohen and 
Dalgarno, [2] which includes limited configuration mixing, are estimated to be usually accurate to 
50 percent or better, while the charge-expansion method of Naqvi and Victor [3] should be less 
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reliable when the effects of configuration interaction are strong, since these are neglected entirely. 
In assigning the accuracy estimates tor these methods as well as for the Coulomb approximation 
we were to a great extent guided by studying the degree of tit of the data into the systematic trends 
along isoelectronic sequences. 

References 

|l| Carslanc, R. H.. and Shamey, I.. J , Astrophya. J. 148, 665-666 (1967). 
[21 Cohen, M.. and Dalüarnn. A.. Pro«. Koy. Sot London A28Ü, 258-27011%4). 
|3| Nacivi. A. M., and Victor.(I. A„ Technical Documentary Report No. RTDTDR-6.t-.lt 18||«X=>4). 

Si XI.     Allowed Transitions 

No. Transition 
Array 

Multiple! kik) /.icnr1) AVlcm •') m A'» 4k,[ 10" sec 'i fa S'lat.u.) log Kl Accu- 
racy 

Source 

1 2s2-2s(2S)2/; 'S — ;,P° 
[582.89] 0 [171560] 1 3 0.0050 7.6 x 10-» 1.4x10 ' -4.12 D In 

2 •s—«P° [303.58] 0 329400 1 3 64 0.264 0.264 -0.58 <: 2 

3 2s2/>-2/>2 apo_!ip 165.08 [174208] [■148122] 9 9 51 0.10 1.1 -0.05 I)f 2 

365.42 
364.50 
371.61 
368.38 
358.54 
361.31 

176810] 
171560] 
176810] 
171560] 
171560] 
169140] 

450470 
445910 
445910 
443020 
450470 
445910 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

38 
13 
20 
49 
13 
17 

0.076 
0.026 
0.025 
0.033 
0.042 
0.10 

0.46 
0.092 
0.15 
0.12 
0.15 
0.12 

-0.42 
-1.11 
-0.90 
-1.00 
-0.90 
-1.00 

D + 
D- 
D- 
[)- 
D- 
D- 

Is 
Is 
Is 
Is 
Is 
Is 

4 'P°_'D [609.76] 329400 493400 3 5 11 0.11 0.64 -0.48 D- 2 

5 'P°-'S [359.41] 329400 607630 3 i 100 0.068 0.24 -0.69 E 2 

6 2*2-2sl'-\S)3/, i.S-ip" [43.763] 0 2285040 1 3 72(H) 0.62 0.089 -0.21 V. 3 

7 2s2/>- 
2s(2S)3* 

ipo_.S [52.299] 329400 2241480 3 1 580 0.007? 0.0041 -1.63 K 3 

8 2s3s- 
2s<2S>3/> 

.S_,po [2295.0] 2241480 2285040 : 3 0 68 0.160 1.21 -0.80 C 3 

9 2s3;»- 
2s{ii>)M 

'P°-'D [1316.3] 2285040 2361010 3 5 3.04 0.132 1.71 -0.402 C ea 

!0 2,,M>- 
2/;(2/M)3rf 

'D-'F0 T2040.6] 2532140 2581130 5 7 0.83 0.073 

  

2.44 -0.438 c ca 

Si xi 

Forbidden Transitions 

The transition probability for that part of the 2s'1 lS(i-2Ä2/r'Po transition which is magnetic 
quadrupole radiation is taken from calculations of Carstang [1]. We have renormalized his result 
using for the resonance line a transition integral calculated by the method of Cohen and Dal- 
garno [2] (see also Allowed Transitions; for the addition of transition probabilities arising from 
various types of radiation, see the Ceneral Introduction; for the relation of Au (m.q.) to other 
quantities  [l]l. 
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Naqvi's calculations [3] arc the only available source for the ether transitions. The results 
for the :,P° — 3P0 lines are essentially independent of the choice of the interaction parameters. For 
the :|P° — 'P° transitions. Naqvi uses empirical term intervals, i.e.. the effects of Konfiguration 
interaction should he partially included. 

References 

|1| tiarstanu. R. H.. Aslrophys. J. 148, 579-584 (1967). 
[21 Cohen. M. and Da!ijarno  A., Fr..c. R»y. Soc. London A280, 258-270 (1964). 
|3| Naqvi. A. M.. Thesis Harvard (195)). 

Si XI. Forbidden Transitions 

N«. 
Transition 

Array Multiple! X(Ä) £i(cm-') A\(cm-') ft ft- 
Type of 
Transi- 

tion 
4*i(sec "•) S(al.u.) 

Accu- 
racy Source 

1 2s-' - 2s(-'S)2/> 

2s2/i-2s(-S)2p 

'.S-:'l'° 

:l|je_:ipo 

:ip°_ l|>° 

■^ <;» 0 

[169140] 
[171560] 

[169140] 
[171560] 
[176810] 

[176810] 

[171560] 
[176810] 

329400 
"29400 
329400 

1 

1 
3 

1 
3 
5 

5 

3 
5 

3 
3 
3 

m.q. 

m 
m 

m 
m 
m 

0.14 

0.255 
1.95 

39.2 
1220 

42.5 

E 

A 
A 

C 
C 
c 

1.2 
2 

3 

14 
[1< 

1311] 
XM2] 

623.99 
633.55 
655.35 

2.00 
2.50 

0.00106 
0.0346 
0.00133 

3 
3 

3 
3 
3 

(»round State 

loni/.alion Potential 

Si xii 

ls-2s -Sv, 

523.2 eV = 4221460 cm-' 

Allowed Transitions 

For the transition 2s —2p. the charge-expansion calculation of Cohen and Dalgarno [1] is 
chosen. An uncertainty of less than 10 percent is indicated from the graphical comparison of this 
value with the other material for the same transition within the isoelectronic sequence. Data for 
the other listed transitions have been obtained from the Coulomb approximation. Plots of the 
dependence of/-value on nuclear charge for all these transitions have been made and show that 
this material connects up very smoothly with the data for the lower ions as well as with the hydro- 
genie value for infinite nuclear charge. Based on this impressive agreement, accuracies of 10 
percent (or 25 percent for some of the smaller values) ar? indicated. 

References 

[11 Cohen. M.. and Dalparao. A.. Pruc. Roy. Soe. London A280, 258-270(1964). 
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Si XII.    Allowed Transitions 

N... Transition 
Array 

Multiple! X(A) £ilcin ') tfilcm') Hi AM /4W< 10" »er ') h .Slat.u.I WKI Accu- 
racy 

Source 

1 2s-2p ,g_ jpo 506..« 0 197493 2 6 9.36 o t08 0.360 -0.666 B 1 

[499.281 
[521.10] 

0 
0 

200290 
191900 

2 
2 

4 
2 

9.77 
8.59 O.oi^j 

0.240 
0.120 

-0.836 
-1.155 

B 
,B 

Is 
Is 

2 2p-3s Spo_!g 45.598 mm 2390580 6 2 1990 0.0207 0.0186 -0.906 B ca 

[45.6561 
[45.482] 

200290 
191900 

2390580 
2390580 

4 
2 

2 
2 

1320 
668 

0.0207 
0.0207 

0.0124 
0.00620 

-1.082 
-1.383 

B 
B 

Is 
Is 

3 2p-3d «p»_JD 44.118 1974m 2464134 6 10 1.39 X104 0.675 0.588 0.607 B ca 

44.165" 
44.021" 
44.184' 

200290 
191900 
200290 

2464530 
2463540 
2463540 

4 
n 

4 

6 
4 
4 

1.38 xlO4 

1.16X104 

2300 

0.607 
0.676 
0.0674 

0.353 
0.196 
0.0392 

0.385 
0.131 

-0.569 

B 
ß 
B 

Is 
Is 
Is 
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' I 

Ground State 

PHOSPHORUS 

Pi 

ls22s22/>s3s23/r,4SS,2 

lonization Potential 10.484 eV = 84580 cm-' 

1 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [Ä] No. Wavelength [Ä] No. 

1534.7 4 5098.20 16 7486.79 24 
3534.73 4 5100.% 16 7496.23 24 
1671.68 1 5109.62 16 7505.76 24 
1674.61 1 5149.46 15 7563.63 24 
1679.71 1 5154.84 15 7600.7 24 

1719.00 3 5162.28 15 7834.2 25 
1725.85 3 5166.8 16 7917.84 25 
1774.99 2 5189.9 15 7953.9 25 
1732.87 2 5222.1 15 8002.63 25 
1787.68 2 5258.1 15 8046.79 25 

1858.91 7 5262.07 19 8090.08 25 
1859.43 7 5293.53 19 8139.1 25 
2135.47 6 5345.86 19 8190.4 25 
2136.18 6 5378.32 19 8637.62 20 
2149.14 6 5458.31 18 8741.54 20 

2152.94 10 5477.75 18 9175.85 13 
2154.08 10 5548.49 18 9304.88 13 
2222.57 5 6673.71 21 9525.78 13 
2223.35 C 6717.42 21 9563.45 12 
2234.95 5 6979.76 23 9593.54 12 

2235.73 5 6985.2 23 9608.97 12 
2242.53 5 7003.54 23 9734.74 12 
2533.99 9 7017.32 23 9750.73 12 
2535.61 9 7051.93 23 9790.08 14 
2553.25 9 7084.2 23 9796.79 12 

2554.90 9 7102.21 23 9903.74 14 
2659.4 8 7154.03 23 9976.65 12 
2675.31 8 7158.37 22 10084.2 14 
2677.13 8 7165.45 22 10204.7 14 
2636.17 8 7175.12 22 10511.4 11 

2688.00 8 7176.66 22 10529.5 11 
4978.11 17 7197.83 22 10581.5 11 
5015.86 17 7235.49 2? 10596.9 11 
e045.40 16 7268.33 22 10681.4 11 
")059.20 16 7282.38 22 10769 11 

5061.91 16 7343.11 22 10813.0 11 
5079.37 17 7459.80 24 10974 11 

Varsavsky's value [1] for the 3äs3/r' 4S° — 3s3/>44P multiple!, calculated by means of a screen- 
in» approximation which neglects the important effects of configuration interaction, should be 
quite uncertain —probably too high as judged from other comparisons. Results of iifetime meas- 
urements and intermediate coupling calculations by Lawrence [2] have been adopted for many 
lines in the uv region. The measured lifetimes have been used by Lawrence to provide an absolute 
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STX:."-—:■ zsarwji ■_ ~-_~.' 

scale for the calculated transition probabilities. The /-values of transitions involving a change in 
spin (intercombination lines) are expected to be rather uncertain, since they are quite small. 

The above two sources cover only a small portion of the known multiplets of this atom. Thus 
the Coulomb approximation has been extensively employed in order to hav? ai least some of the 
remaining prominent lines represented. Since there is very little comparison material available 
for analogous transitions, these values should be used cautiously, particularly those transitions 
with accuracy assignments of "E", since severe cancellation in the transition integral occurs 
for the latter. Additional uncertainties in these data may be due to deviations from I.S-coupling. 
There are indications from the energy level spacings that some deviations may be encountered. 

References 

[1| Varsavsky, C. M., Astrophys. J. Suppl. Ser. 6, 75-108 (1961). 
(2) Lawrence. G. M.. Aslrophys. J. 148, 261-268 (1967). 

Pi. Allowed Transitions 

No. Transition 
Array 

Multiple! M Ä) EilenrM /U(eiir') m Hk A «< 10" sec') /«- Slat. u.) log«/ Accu- 
racy 

Source 

1 i^ty-Sup* 4go_jp 

(2uv) 
1676.6 

1679.71 
1674.61 
1671.68 

0 

0 
0 
0 

.W64H 

59535 
59716 
59820 

4 

4 
4 
4 

12 

6 
4 
2 

11 

11 
11 
11 

1.4 

0.68 
0.45 
0.23 

30 

15 
10 
5.0 

0.74 

0.43 
0.26 

-0.04 

E 

E 
E 
E 

1 

Is 
Is 
Is 

2 3p3- 
3p2(-'P)4s 

4S0_4p 

(1   UV) 
177V.7 

1774.99 
1782.87 
1787.68 

0 

0 
0 
0 

56190 

56340 
56090 
55939 

4 

4 
4 
4 

12 

6 
4 
2 

2.16 

2.17 
2.14 
2.13 

0.307 

0.154 
0.102 
0.051 

7.2 

3.59 
2.39 
1.20 

0.089 

-0.210 
-0.389 
-0.69 

<: 

<: 
c 
c 

2 

2 
2 
2 

3 4So_2p 

1719.00 
1727.85 

0 
0 

58174 
57877 

4 
4 

4 
2 

0.0026 
0.0015 

1.2X10 -* 
3.4x10 •• 

0.0026 
7.6X10 4 

-3.32 
-3.87 

E 
E 

2 
2 

4 3p»- 
3p2('D)4s' 

4So_*D 

1534.73 
[1534.7] 

0 
0 

65157 
65157 

4 
4 

6 
4 

4.4X10 -• 
8.2 x 10-' 

2.3 x 10 "• 
2.9X10 -« 

4.7 xlO"4 

5.9X10-"1 
-4.04 
-4.94 

E 
E 

2 
2 

5 3p'- 
3ps(!'P)4s 

-'D°-JP 
(3uv) 

2223.35 
2234.95 
2235.73 
2242.53 
2222.57 

11376 
11362 
11376 
11362 
11362 

56340 
56090 
56090 
55939 
56340 

6 
4 
6 
4 
4 

6 
4 
4 
2 
6 

8.8x10 ' 
0.0013 
0.0062 
0.0040 
5.4X10 -■• 

6.5 x 10 •"• 
9.7X10 • 
3.1x10 ' 
1.5X10 * 
6.0X10 « 

0.0029 
0.0029 
0.014 
0.0045 
1.8X10 < 

-3.41 
-3.41 
-2.73 
-3.22 
- 4.62 

E 
E 
E 
E 
E 

2 
2 
2 
2 
2 

6 2D°—JP 
(4 uv) 

2140.4 

2136.18 
2149.14 
2135.47 

imo 
11376 
11362 
11362 

S8075 

58174 
57877 
58174 

10 

6 
4 
4 

6 

4 
2 
4 

3.06 

2.83 
3.18 
0.211 

0.126 

0.129 
0.110 
0.0144 

8.9 

5.4 
312 
0.406 

0.100 

-0.111 
-0.357 
-1.240 

C 

C 
c 
c 

2 

2 
2 
2 

7 3p»- 
3pVD)4s' 

2D°-2D 
(5 uv) 

1859:2 

1859.43 
1858.91 
1851.43 
1858.91 

Ii:i70 

11376 
11362 
11376 
11362 

65157 

65157 
65157 
65157 
65157 

10 

6 
4 
6 
4 

10 

6 
4 
4 
6 

2.81 

2.64 
2.54 
0.226 
0.232 

0.145 

0.137 
0.132 
0.0078 
0.0180 

8.9 

5.0 
3.22 
0.287 
0.441 

0.161 

-0.085 
-0.277 
-1.330 
-1.143 

c 
(■ 

c 
c 
c 

2 

2 
2 
2 
2 
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Pi.   Allowed Transitions — Continued 

No. Transit ion Multipler A(A( £,(rm ') AYlcm ') (ti A /fw(10"Mei'-,l fit .S'tat.u.) l»fJ«/ Accu- Sourer 
Array racy 

8 3//<- 
3pW)4s 

*p°_*p 
(7 uv) 

2677.13 18748 56090 4 4 0.0013 1.4x10« 0.0049 -3.25 E 2 
2686.17 18722 55939 2 2 3.9 XlO"4 4.2 X 10-» 7.5 X 10-« -4.08 E 2 
[2659.4] 18748 56340 4 6 4.1 X 10-' 6.5 X 10» 2.3 X 10« -6.59 E 2 
2675.31 18722 56090 2 4 2.7 X 10-« 5.8 X 10-» 0.0010 -3.94 E 2 
2688.00 18748 55939 4 2 4.1 X 10-* 2.2 X 10-» 7.9X10-« -4.06 E 2 

9 J|>0_JJJ 

(8 uv) 
2541.4 18739 58075 6 6 1.11 0.108 5.4 -0.188 C 2 

2535.61 18748 58174 4 4 0.95 0.092 3.06 -0.434 C 2 
2553.25 18722 57877 2 2 0.71 0.069 1.17 -0.86 C 2 
2554.90 18748 57877 4 2 0.300 0.0147 0.494 -1.231 C 2 
2533.99 18722 58174 2 4 0.200 0.0385 0.64 -1.114 C 2 

10 3|»:'- 
3/>2l'D)4s' 

*P°_2[) 
(Vuv) 

2153.7 18739 65157 6 10 0.61 0.071 3.02 -0.371 C 2 

2154.08 18748 65157 4 6 0.58 0.061 1.72 -0.61 C 2 
2152.94 1872? 65157 2 4 0.485 0.067 0.96 -0.87 C 2 
2154.08 18748 65157 4 4 0.173 0.0120 0.341 -1.319 C 2 

11 3/J
2
45- 

3pVP)4/> 
*P_<D° 

(1) 
10604 56190 65618 12 20 0.20 0.57 240 0.84 D ca 

10581.5 56340 65787 6 8 0.21 0.47 99 0.45 D Is 
10529.5 56090 65585 4 6 0.15 0.37 51 0.17 D Is 
10511.4 55939 65450 2 4 0.088 0.29 20 -0.24 D Is 
10813.0 56340 65585 6 6 0.060 0.10 22 -0.20 D Is 
10681.4 56090 65450 4 4 0.11 0.19 26 -0.13 D Is 
10596.9 55939 65373 2 2 0.17 0.29 20 -0.24 D Is 
[109741 
[10769] 

56340 65450 6 4 0.0095 0.011 2.5 -1.16 E Is 
56090 65373 4 2 0.033 0.029 4.1 -0.94 E Is 

12 «p_<p° 
(2) 

9744.9 .56/90 66449 12 12 0.26 0.36 140 0.64 D ca 

9796.79 56340 66544 6 6 0.18 0.26 50 0.19 D Is 
9734.74 56090 66360 4 4 0.035 0.049 5.3 -0.71 E Is 
9608.97 55939 66343 2 2 0.044 0.062 3.9 -0.91 E Is 
9976.65 56340 66360 6 4 0.11 0.11 22 -0.18 D Is 
9750.73 56090 66J43 4 2 0.22 0.15 20 -0.21 D Is 
9563.45 56090 66544 4 6 0.081 0.17 21 -0.17 D Is 
9593.54 55939 66360 2 4 0.11 0.31 19 0.21 D Is 

13 4p_4S° 
13) 

9391.5 56190 66835 12 4 0.29 0.13 47 0.18 D ca 

9525.78 56340 66835 6 4 0.14 0.13 24 -0.12 D Is 
9304.88 56090 66835 4 4 0.096 0.13 15 -0.30 D Is 
9175.85 55939 66835 2 4 0.050 0.13 7.6 -0.60 D~ Is 

14 -T--l>0 

(4) 
10023 .58075 68049 6 6 0.27 0.39 77 0.37 D ca 

10084.2 58174 68088 4 4 0.21 0.32 43 0.11 D Is 
9903.74 57877 67971 2 2 0.18 0.26 17 -Q.fi 0 Is 
10204.7 58174 67971 4 2 0.083 0.065 8.7 -0.5V D- Is 
9790.08 57877 68088 2 4 0.045 0.13 8.3 -0.59 D- Is 

15 3/>-4s — 4p_4D» 

5162.28 56340 75705 6 8 0.032 0.017 1.7 -0.99 E ca,ls 
5154.84 56090 75484 4 6 0.015 0.0091 0.62 -1.44 E ca,ls 
5149.46 55939 75353 2 4 0.0066 0.0052 0.18 -1.98 E ca,ls 
5222.1 56340 75484 6 6 0.0058 0.0024 0.24 -1.85 E ca,ls 
5189.9 56090 75353 4 4 0.0075 0.0030 0.21 -1.92 E ca,ls 
5258.1 56340 75353 6 4 5.7x10« 1.6X10 4 

0.016 -3.03 E ca,ls 

>W-(>22 0-69- 10 107 



P I.   Allowed Transitions —Continued 

Nif.!    Transition Multiple! kik) Eilcnr') £*<cm ') m A'» /JwlWsee-') A Slal.u.) l»Ji«/' Accu- Source 
i        At ray racy 

16 4p_4p» 5098.3 .56/90 75799 U '2 0.042 0.016 3.3 -0.71 E ca 

5109.62 
5100.96 
5059.20 

[5166.8] 
5098.20 
5045.40 
5061.91 

56340 
56090 
55939 
56340 
56090 
56090 
55939 

75905 
75689 
75700 
75689 
75700 
75905 
75689 

6 
4 
2 
6 
4 
4 
2 

6 
4 
2 
4 
2 
6 
4 

0.034 
0.0046 
0.0063 
0.014 
0.029 
0.016 
0.015 

0.013 
0.0018 
0.0024 
0.0037 
0.0057 
0.0090 
0.012 

1.3 
0.12 
0.080 
0.38 
0.38 
0.60 
0.39 

-1.10 
-2.14 
-2.32 
-1.65 
-1.64 
-1.44 
-1.63 

E 
E 
E 
E 
E 
E 
E 

Is 
Is 
Is 
Is 
Is 
Is 
Is 

17 'P-'S° .504/.0 .56/90 76022 12 4 0.059 0.0075 1.5 -1.04 E ca 

5079.37 
5015.86 
4978.11 

56340 
56090 
55939 

76022 
76022 
76022 

6 
4 
2 

4 
4 
4 

0.029 
0.020 
0.011 

0.0074 
0.0077 
0.0079 

0.75 
0.51 
0.26 

-1.35 
-1.51 
-1.80 

E 
E 
E 

Is 
Is 
Is 

18 2p_2Do .5475.8 .58075 76.M2 6 10 0.052 0.039 4.2 -0.63 E ca 

5477.75 
5458.31 
5548.49 

58174 
57877 
58174 

76425 
76192 
76192 

4 
2 
4 

6 
4 
4 

0.057 
C.038 
0.0066 

0.038 
0.034 
0.0031 

2.8 
1.2 
0.22 

-0.81 
-1.17 
-1.91 

E 
E 
E 

Is 
Is 
Is 

19 jp-ip» .5328.4 .5807.5 76837 6 6 0.087 0.037 3.9 -0.65 E ca 

5345.86 
5293.53 
5378.32 
5262.07 

58174 
57877 
58174 
57877 

76875 
76762 
76762 
76875 

4 
2 
4 
2 

4 
2 
2 
4 

0.073 
0.058 
0.027 
0.015 

0.031 
0,024 
0.0060 
0.013 

2.2 
0.84 
0.42 
0.44 

-0.90 
-1.32 
-1.62 
-1.60 

E 
E 
E 
E 

Is 
Is 
Is 
Is 

20 3p*4p- 
3p2('P)4<f 

,So_ip 8706.9 

8741.54 
8637.62 

64240 

64240 
64240 

7.5722 

75676 
75814 

2 

2 
2 

6 

4 
2 

0.087 

0.091 
0.079 

0.30 

0.21 
0.089 

17 

12 
5.1 

-0.23 

-0.38 
-0.75 

D 

D 
D 

ca 

Is 
Is 

21 3p24p- 
3p2(:,P)5<f 

2go_,p 6702.8 

6717.42 
6673.71 

6424C 

64240 
64240 

79/5.5 

79122 
79220 

2 

2 
2 

6 

4 
2 

0.048 

0.050 
0.045 

0.097 

0.067 
0.030 

4.3 

3.0 
1.3 

-0.71 

-0.87 
-1.22 

E 

E 
E 

ca 

Is 
Is 

22 'D°-'F 7181.4 6.56/8 79.539 20 28 0.053 0.057 27 0.06 E ca 

7175.12 
7176.66 
7165.45 
7158.37 
7282.38 
7235.49 
7197.83 
7343.11 
7268.33 

65787 
65585 
65450 
65373 
65787 
65585 
65450 
65787 
65585 

79721 
79515 
79402 
79339 
79515 
79402 
79339 
79402 
79339 

8 
6 
4 
2 
8 
6 
4 
8 
6 

10 
8 
6 
4 
8 
6 
4 
6 
4 

0.033 
0.047 
0.050 
0.051 
0.0081 
0.017 
0.020 
6.5 X10' 
0.0015 

0.032 
0.049 
0.058 
0.078 
0.0065 
0.013 
0.016 
4.0x10-' 
7.7x10-» 

6.0 
6.9 
5.5 
3.7 
1.2 
1.9 
1.5 
0.076 
0.11 

-0.60 
-0.53 
-0.65 
-0.81 
-1.29 
-1.11 
-1.20 
-2.50 
-2.33 

E 
E 
E 
E 
E 
E 
E 
E 
E 

Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 
Is 

23 'D°-'D 

7102.21 
7051.93 
7017.32 
7154.03 

[7084.2] 
7001.54 

[6985.2] 
6979.76 

65787 
65585 
65450 
65787 
65585 
65585 
65450 
65373 

79864 
79762 
79697 
79762 
79697 
79864 
79762 
79697 

8 
6 
4 
8 
6 
6 
4 
2 

8 
6 
4 
6 
4 
8 
6 
4 

0.0036 
0.0037 
0.0032 
0.0013 
0.0029 
5.4x10' 
0.0014 
0.0020 

0.0027 
0.0028 
0.0024 
7.6X10-' 
0.0015 
5.3X10' 

,0.0016 
0.0029 

0.51 
0.39 
0.22 
0.14 
0.21 
0.073 
0.14 
0.13 

-1.66 
-1.78 
-2.02 
-2.21 
-2.05 
-2.50 
-2.20 
-2.24 

E 
E 
E 
E 
E 
E 
E 
E 

ca. Is 
ca,ls 
ca. Is 
ca. Is 
ca. Is 
ca. Is 
ca,ls 
ca. Is 
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P I.   Allowed Trinsitions—Continued 

No. Transition 
An ay 

Multiple! AlA) £,(cm-') fti™ -■) m Hk AitA 10" sec') /a .S'lat.u.) l«|i«/ Accu- 
racy 

Source 

24 4p«_4J) 

7505.76 66544 79864 6 8 0.018 0.020 3.0 -0.92 E ca,ls 
7459.80 66360 79762 4 6 0.018 0.022 2.2 -1.05 E ca,ls 
7486.79 66343 79697 2 4 0.013 0.021 1.1 -1.37 E ca,ls 
7563.63 66544 79762 6 6 0.0079 0.0068 1.0 -1.39 E ca. Is 
7496.23 66360 79697 4 4 0.016 0.014 1.4 -1.26 E ca,ls 

[7600.7] 66544 7%97 6 4 0.0016 9.2 X 10-4 0.14 -2.26 E ca. Is 

25 ZpHp- 
3p2(:,F)65 

4QO_4p 8055.2 65618 78029 20 12 0.030 0.017 9.2 -0.46 D- ca 

8046.79 65787 78211 8 6 0.023 0.017 3.6 -0.86 D- Is 
8090.08 65585 77942 6 4 0.020 0.013 2.0 -1.11 D- Is 

[8190.4] 65450 77656 4 2 0.015 0.0075 0.81 -1.52 E Is 
7917.84 65585 78211 6 6 0.0053 0.0049 0.77 -1.53 E Is 
8002.63 65450 77942 4 4 0.010 0.0097 1.0 -1.41 E Is 
8139.1 65373 77656 2 2 0.015 0.015 0.81 -1.52 E Is 
7834.2 65450 78211 4 6 5.8 X10-4 8.1 X10-4 0.083 -2.49 E Is 

[7953.9J 65373 77942 2 4 0.0016 0.0030 0.16 -2.22 E Is 

PJ 

Forbidden Transitions 

All the values for this atom are taken from the work of Czyzak and Krueger [1], since they 
have included the important effects of configuration interaction and have used self-consistent 
field wavefunctions with exchange to obtain their value of sv. (For a more complete discussion 
see the General Introduction). 

Reference 

[1] Czyzak, S. J. & Krueger. T. K., Monthly Notices Roy. Astron. Soc. 126,177-194 (1963). 

Pi.   Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet X(Ä) E,(vm>) £*.(cnr') Hi «• Transi- 

tion 
Aki(zeex) Sfat.u.) racy Source 

1 3p;,-3p' 4S0-2D° 
(IF) 8787.6 0.0 11376.4 4 6 m 9.1X10" 1.37x10" C 1 

8787.6 0.0 11376 4 4 6 e 1.9X10-4 0.035 D 1 
8799.1 0.0 11360.8 4 4 m 1.77 X10-4 1.79 X 10-» C 1 
8799.1 0.0 11360.8 4 4 e 1.2 xlO"4 0.015 D 1 

2 4S0_..p. 

(2F) 5332.4 0.0 18748.0 4 4 m 0.108 0.00243 C 1 
5332.4 0.0 18748.0 4 4 e 3.3X10 7 3.4x10 " D 1 
5339.7 0.0 18722.7 4 2 m 0.0426 4.81x10 4 C 1 
5339.7 0.0 18722.7 4 2 r 4.7 x 10-" 2.4X10 -» D 1 

3 -'D°-JD0 

[64.09 x 10">] 11360.8 11376.4 4 6 m 4.10x10 " 2.40 B 1 
[64.09 x 10s] 11360.8 11376.4 4 6 <• 7.7x10 IH 0.30 D 1           1 
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P i. Forbidden Transit ions i—Continued 

Transition Type of Accu- 
No. Array Multiple! MÄ) ßlcm-'l £*<cm -■) m Mk Transi- ■l«lwf -') S(at.u.) racy  Source 

tion 

4 2DO_2po 

[13562 11376.4 18748.0 6 4 m 0.0190 0.0C70 1 
[13562 11376.4 18748.0 6 4 e 0.094 103 1 
[13580 11360.8 18722.7 4 2 m Ü.0211 0.00392 1 
[13580 11360.8 18722.7 4 2 e 0.080 44.1 1 
[13609 11376.4 18722.7 6 2 e 3.053 29.5 1 
[13533 11360.8 18748.0 4 4 m 0.0341 0.0125 1 
[13533 11360.8 18748.0 4 4 e 0.0405 43.8 1 

5 ,p„_,po 
[39.515 x 10s| 18722.7 18748.0 2 4 m 1.45x10 7 1.33 E 1 
[39.515 x 10s] 18722.7 18748.0 2 4 e 5.9X10 -" 0.14 C 1 

Ground State 

PlI 

b-'2s-'2»«ls-.V 3P<> 

Ionization Potential 19.72 cV= 159100 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [Ä) No. Wavelength [Ä| No. 

1301.87 2 4530.81 10 5316.07 4 
1304.47 2 4533.% 11 5344.75 4 
1304.68 2 4554.83 12 5378.20 18 
1305.48 2 4565.27 12 5386.88 4 
1309.87 2 4582.17 10 5409.72 4 

1310.70 2 4588.04 9 5425.91 4 
1532.51 1 4589.86 9 5450.74 18 
1535.90 1 4602.08 9 5483.55 18 
1536.39 1 4626.70 9 5499.73 4 
1542.29 1 4628.77 12 5507.19 18 

1543.09 4658.31 9 5541.14 18 
1543.61 i 4698.16 9 5583.27 18 
4385.35 16 4823.68 17 5588.34 19 
4402.09 10 4864.42 17 5727.71 19 
4414.28 11 4927.20 17 5764.46 19 

4417.30 10 4935.62 15 6024.18 3 
4420.71 8 4943.53 17 6034.04 3 
4424.07 11 4954.39 17 6043.12 3 
4463.00 11 4969.71 17 6055.50 20 
4466.13 10 5040.80 13 6087.82 3 

4467.98 II 5152.23 5 6165.59 3 
4475.26 10 5191.41 5 6232.29 3 
4483.68 11 5253.52 7 7735.06 21 
4499.24 14 5296.13 5 7845.63 6 

no 

L-'<*-* 



For the two uv transitions listed, the radiative lifetime measurements of Savajje and Lawrence 
[1] performed with the phase shift technique are available. Corrections for cascading from higher 
excited states have been applied by these authors. 

Since no other theoretical or experimental data are available for this spectrum as yet. the 
Coulomb approximation has been extensively used in order to have some of the more prominent 
lines tabulated. On the basis of the comparison material available for analogous transitions of 
neighboring atoms and because of the <jeneral success of the Coulomb approximation, accuracy 
estimates of 50 percent for the selected lines appear to be in order. But, in as much as these com- 
parisons are still quite insufficient, the present accuracy assignments can be regarded only as 
provisional. There are furthermore indications from energy level spacing that this spectrum may 
show sijiiiifieant deviations from I.S-couplinji. Since LS-couplinjt had to be used for the breakdown 
into multiplets and lines, this may introduce additional uncertainties, especially in the weaker 
lines. 

Reference 

|1J Savatte. B. D.. and Lawrence, C M., Aslrophys. J. 146, 940-943 (1966). 

P II. Allowed Transitions 

No. Trunsition 
Array 

Multiple! AIÄ) filcm-') Eklcm ') Mi Mk M W sec-') fa Slai.u.) W Ml' Accu- 
racy 

Source 

1 3s-3/>- — 3s3/V :i|>_:>n° 
(1 uv) 

1539.2 :il6 65285 >) 15 0.128 0.0076 0.346 -1.165 C + 1 

1542.29 469 65308 5 7 0.127 0.0063 0.161 -1.50 C + Is 
1535.90 165 65273 3 5 0.096 0.0057 0.086 -1.77 C + Is 
1532.51 0 65252 1 3 0.072 0.0076 0.038 -2.12 D Is 
1543.09 469 65273 5 5 0.032 0.0011 0.029 -2.25 D Is 
1536.39 165 65252 3 3 0.054 0.0019 0.029 -2.24 D Is 
1543.61 469 65252 5 3 0.0035 7.6 x10 s 0.0019 -3.42 E Is 

2 lip_!ipo 
(2 uv) 

IM7.7 316 76788 9 9 1.56 0.0400 1.55 -0.444 C 1 

1310.70 469 76765 5 5 1.17 0.0301 0.65 -0.82 C /5 
1304.68 165 76813 3 3 0.392 0.0100 0.129 -1.52 C Is 
1309.87 469 76813 5 3 0.65 0.0100 0.215 -1.301 C Is 
1304.47 165 76824 3 1 1.57 0.0134 0.172 -1.396 C Is 
1305.48 165 76765 3 5 0.392 0.0167 0.215 -1.300 C Is 
1301.87 0 76813 1 3 0.53 0.0401 0.172 -1.397 C Is 

3 3/<4s-3/>f-T°)4/i ip«_:i[) 61)52.0 86V40 103459 9 15 0.67 0.61 110 0.74 D ca 

6043.12 87125 103669 5 7 0.68 0.52 52 0.42 D Is 
6024.18 86745 103340 3 5 0.51 0.46 28 0.14 D Is 
6034.04 86598 103166 1 3 0.37 0.61 12 -0.21 D Is 
6165.59 87125 103340 5 5 0.16 0.091 9.3 -0.34 D- Is 
6087.82 86745 103166 3 3 0.27 0.15 9.2 -0.34 D- Is 
6232.29 87125 103166 5 3 0.017 0.0060 0.62 -1.52 E Is 

4 :ip"_:ip 5406.2 86940 105432 9 9 0.93 0.41 65 0.56 D ca 

5425.91 87125 105550 5 5 0.69 0.31 27 0.19 D Is 
5386.88 86745 105303 3 3 0.23 0.10 5.4 -0.51 D- Is 
5499.73 87125 105303 5 3 0.37 0.10 9.1 -0.30 D- Is 
5409.72 86745 105225 3 1 0.93 0.14 7.2 -0.39 D- Is 
5316.07 86745 105550 3 5 0.24 0.17 9.0 -0.29 D- Is 
5344.75 86598 105303 1 3 0.32 0.41 ".2 -0.39 D- Is 
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PlI. Allowed Transitions—Continued 

No. 
1 

Transition 
Array 

Multiplct MA) filcni"1) firfcm-') Hi ft- Akl(Wsev>) fa .Slat.u.) W Mj Accu- 
racy 

      i 

Source 

5 .-.po_:.s 5244.6 86940 106002 9 3 1.0 0.14 22 0.11 D ca 

5296.13 
5191.41 
5152.23 

87125 
86745 
86598 

10COC2 
106002 
106002 

5 
3 
1 

3 
3 
3 

0.55 
0.35 
0.12 

0.14 
0.14 
0.14 

12 
7.1 
2.4 

-0.16 
-0.38 
-0.85 

D 
D 
D 

Is 
Is                \ 
Is 

6 ipo_ip 7845.6. 88894 101636 3 3 0.33 0.30 23 -0.04 D ca 

7 .po_.D 5253.52 88894 107924 3 5 1.0 0.72 37 0.33 D ca 

8 ■P°-'S 4420.71 88894 111509 3 1 1.6 0.15 6.7 -0.34 D ca 

9 3p4p-3p(-,O0)<W 'D-'P 4598.5 10345t l'2Sm 15 21 2.0 0.88 200 1.12 D ca 

4602.08 
4588.04 
4589.86 
4658.31 
4626.70 
4698.36 

103669 
103340 
103166 
103669 
103340 
103669 

125392 
125130 
124948 
125130 
124948 
124948 

7 
5 
3 
7 
5 
7 

9 
7 
5 
7 
5 
5 

1.9 
1.7 
1.6 
0.21 
0.30 
0.0084 

0.79 
0.77 
0.87 
0.069 
0.097 
0.0020 

84 
58 
39 
7.4 
7.4 
0.22 

0.74 
0.58 
0.42 

-0.31 
-0.31 
-1.85 

D 
D 
D 
D- 
D- 
E 

Is 
Is 
Is 
Is 
Is 
Is 

10 ip_..I)o 4484.5 105402 127725 9 15 1.3 0.67 89 0.78 D ca 

4475.26 
4530.81 
4402.09 
4582.17 
4417.30 
4466.13 

105550 
105303 
10R225 
105550 
105303 
105550 

127889 
127368 
127935 
127368 
127935 
127935 

5 
3 
1 
5 
3 
0 

7 
5 
3 
5 
3 
3 

1.3 
1.0 
0.73 
0.33 
0.55 
0.036 

0.55 
0.52 
0.64 
0.10 
0.16 
0.0065 

41 
23 
9.3 
7.9 
7.0 
0.48 

0.44 
0.19 

-0.19 
-0.28 
-0.32 
-1.49 

D 
D 
D- 
D- 
D- 
F. 

Is 
Is 
Is 
Is 

!4 
Is 

11 :ip _ :ip° 4463.8 105432 127828 9 9 0.73 0.22 29 0.30 D ca 

4463.00 
4483.68 
4533.96 
4424.07 
4414.28 
4467.98 

105550 
105303 
105550 
105303 
105303 
105225 

127951 
127600 
127600 
127900 
127951 
127600 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

0.54 
0.19 
0.31 
0.73 
0.18 
0.25 

0.16 
0.056 
0.057 
0.072 
0.089 
0.22 

12 
2.5 
4.2 
3.1 
3.9 
3.3 

-0.09 
-0.78 
-0.55 
-0.67 
-0.57 
-0.65 

D 
D- 
D- 
D- 
D- 
D- 

Is 
Is 
Is                | 
is           :'i 
Is 
Is 

!2 3S—3P° 4580.4 106002 127828 3 9 0.96 0.91 41 0.43 D ca 

4554.83 
4628.77 
4565.27 

106002 
106002 
106002 

127951 
127600 
127900 

3 
3 
3 

5 
3 
1 

0.% 
0.97 
0.96 

0.50 
0.31 
0.10 

22 
14 
4.5 

0.17 
-0.03 
-0.52 

D 
D 
D- 

Is               ? 
Is               \ 
Is 

13 'D-'D0 5040.80 107924 127756 5 5 0.40 0.15 13 -0.12 D ca 

14 "D-'F° 4499.24 107924 13C143 5 7 1.4 0.60 44 0.47 D ca 

15 .S_ipo 4935.62 111509 131.64 1 3 0.63 0.69 11 -0.16 D ca 

16 3/4p-3p(äP°)55 lp_ ipo 4385.35 101636 124433 3 3 0.40 0.12 5.0 -0.46 D ca 

17 .ID _ 9P« 4942.5 10345*) 123686 15 9 0.78 0.17 42 0.41 Ü ca 

4943.53 
4969.71 
4954.39 
4864.42 
4927.20 
4823.68 

103669 
103340 
103166 
103340 
103166 
103166 

123892 
123456 
123345 
123892 
123456 
123892 

7 
5 
3 
5 
3 
3 

5 
3 
1 
5 
3 
5 

0.63 
0.58 
0.78 
0.11 
0.19 
0.0075 

0.16 
0.13 
0.096 
0.040 
0.070 
0.0043 

19 
11 
4.7 
32 
3.4 
0.21 

0.06 
-0.19 
-0.54 
-0.70 
-0.68 
-1.89 

D 
D 
D- 
D- 
D- 
E 

Is 
Is 
Is 
Is 
h 
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P11. Allowed Transitions — Continued 

No. Transition 
Array 

Multiple! MA) £((cm_l) £*<tm') Hi fn /fi,(10"sec-'i A .Slat.u.) i"(j id Accu- 
racy 

Source 

18 :)p_:'U° 5476.7 105432 123686 9 9 0.44 0.20 32 0.25 D ca 

5450.74 
5507.19 
5583.27 
5541.14 
5378.20 
5483.55 

105550 
105303 
105550 
105303 
105303 
105225 

123892 
123456 
123456 
123345 
123892 
123456 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

0.33 
0.11 
0.19 
0.45 
0.11 
0.15 

0.15 
0.052 
0.053 
0.070 
0.081 
0.20 

13 
2.8 
4.8 
3.8 
4.3 
3.7 

-0.13 
-0.81 
-0.58 
-0.68 
-0.62 
-0.69 

D 
D- 
D- 
D- 
D- 
D- 

Is 
Is 
Is 
Is 
Is 
Is 

19 »S-apo S6S3J 106002 V2.V686 3 9 0.15 0.21 12 -0.19 D ca 

5588.34 
5727.71 
5764.46 

106002 
106002 
106002 

123892 
123456 
123345 

3 
3 
3 

5 
3 
1 

0.15 
0.15 
0.15 

0.11 
0.073 
0.025 

6.3 
4.1 
1.4 

-0.46 
-0.66 
-1.13 

D 
D 
D- 

is 
Is 
Is 

20 ■ D-.po 6055.50 107924 124433 5 3 0.69 0.23 23 -0.06 D ca 

21 'S-'P° 7735.06 111509 124433 1 3 0.11 0.29 7.5 -0.53 D ca 

Pll 

Forbidden Transitions 

The adopted values have been derived frcm the theoretical work of Naqvi [1], and Czyzak 
and Krueger [2]. Since their methods are essentially alike, Naqvi's and Czyzak and Krueger's 
magnetic dipole transitions have generally been averaged, except for the 3P—'S transition where 
configuration interaction is important. In this case Czyzak and Krueger's empirically derived value 
has been preferred over Naqvi's, which is based purely on theory (see also General Introduction). 

For the electric quadrupolc transitions only Czyzak and Krueger's values are used since 
their sv is obtained by using advanced self-consistent field wavefunctions with exchange effects 
included. 

References 

|1| Naqvi. A. M.. Thesis Harvard (1951). 
[2] Czyzak, S. J. and Krueger, T. K., Monthly Notices Roy. Astron. Soc. 126, 177-194 (1963). 

PII.    Forbidden Transitions 

Transition Type <jf Accu- 
No. Array Multiple! k(k) Wer1) £*(cm-') Hi Mk Transi- 

tion 
/Msec') S(at.u.) racy Source 

1 3ps-3pa :.p_:ip 
[60.663X10'] 0.0 164.8 1 3 m 8.05 X 10» 2.00 A 1 
(21.316 x 10'] 0.0 469.0 1 5 e 6.0X10-" 7.9 C 2 
132.864 X10'] 164.8 469.0 3 5 m 3.80X10 •* 2.50 A 1 
(32.864X10*] 164.8 469.0 3 5 e 1.54X10 " 17.6 C 2 

2 :.p_iD 

(IF) 11255 0.0 8882.6 1 5 e 3.3 X 10r" 0.0018 D 2 
1148o.2 164.8 8882.6 3 5 m 0.0063 0.00176 C 1.2 
11483.2 164.8 8882.6 3 5 e 2.2 X 10-» 0.013 D 2 
1.1898.2 469.0 8882.6 5 5 m 0.0169 0.0053 C 1,2 
11898.2 469.0 8882.6 5 5 e 1.3 X 10* 0.091 D 2 

n? 



Pll.   Forbidden Transitions—Continued 

No. 
Transition 

Array Multiple) MA) /■-'/( ein ') A.'*(cm ') Hi A' 
Typt- of 
Transi- I»,(S.T   ') 

3 
5 

1 
1 

tion 

m 
e 

0.220 
0.0063 

3 
(2F) 4669.5 

4736.6 
164.8 
469.0 

21576.2 
21576.2 

4 'D-'S 
(3F) 7869.5 8882.6 21576.2 5 

  
1 
 1 

e 2.0 

.N'tat.u.l 
Arm. 
racy Source 

8.3 x |() ii    C 
0.0089 I) 

35 

Ground State 

Pill 

ls-'2.«-,2/»,i;iÄ',H/' 

Ionization Potential 30.156 eV = 24.1290.0 cm ' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A| No. Wavelength [A| 

| 

No. 
1 

Wavelength [A| No. 

1334.87 
1344.34 
1344.90 
3219.32 
3233.62 

1 
1 
1 
6 
6 

3802.08 
3895.03 
3904.79 
3922.72 
3933.38 

5 
4 
4 
4 
'1 

4057.39 
4059.27 
4080.04 
4222.15 
4246.68 

2 
2 
2 
3 
3 

3280.22 
3717.63 
3744.22 

8 
5 
5 

3951.51 
3957.64 
3997.17 

4 
4 
4       i 

4587.9! 
5203.86 

9 
7 

Varsavsky's value [1| for the 3s-3/;'-'P°—3s3/;2 -D multiplet, which has been calculated by 
means of a screening approximation which neglects the important effects of configuration inter- 
action, should be quite uncertain —probably too high as judged from other comparisons. Since 
there are no oilier sources available, the Coulomb approximation has been applied to other promt 
nent lines in this spectrum. Judging from comparisons with analogous transitions in other atoms. 
accuracies within 50 percent may be expected for the selected lines. 

Reference 

|1| Varsavsky. C, M.. Astmphys. J. Suppl. Sei. 6, No. 53, 75-108 (1961). 
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Pill.    Allowed Transitions 

No. Triiiisiliiiii Multiplel Al A) K,irm 'i #*(«••» '1 a, A'* AktUPw ') l,i. .Slat.u.l I"* A'/ Accu Source 
Array racy 

1 3.v- 3/i - .fc.V -I'0--!) 
(1 liv) 

lit 1.2 :i7A 7 I'M 6 10 14 0.64 17 0.59 E 1 

1344.34 560 74945 4 6 14 0.56 10 0.35 E Is 
1334.87 0 74915 2 4 12 0.65 5.7 0.11 E Is 
1344.90 560 74915 4 4 2.3 0.062 1.1 -0.60 E Is 

2   3rf-('.S)4p 
(1) 

4066.2 116881 141.67 10 6 1.0 0.15 20 0.17 D- ca 

4059.27 116885 141513 6 4 0.90 0.15 12 -0.05 D- Is 
| 4080.04 116874 141376 4 2 0.99 0.12 6.7 -0.31 D- Is 

4057.39 116874 141513 4 4 0.10 0.025 1.3 -1.00 D- Is 

3   4S-('S)4M -S-'|'° mo.t 117835 141467 2 6 1.5 1.2 33 0.37 D ca 
(3) 

4222.15 117835 141513 2 4 1.5 0.78 22 0.19 D Is 
1 4246.68 117835 141376 2 2 1.4 0.39 11 -0.1! D Is 

I   3*3/>4s - •r-'i' .WM..5 1848II 210162 12 12 1.7 0.40 63 0.69 D ca 
3s3/>('l,0)4/» (9) 

3957.64 185045 210306 6 6 1.2 0.29 22 0.23 D Is 
3933.38 184639 210056 4 4 0.23 0.054 2.8 -0.66 E Is 
3922.72 184453 209939 2 2 0.30 0.068 1.8 -0.87 E Is 
3997.17 185045 210056 6 4 0.76 0.12 9.6 -0.14 D- Is 
3951.51 184639 209939 4 2 1.4 0.17 8.8 -0.17 D- Is 

( 3895.03 184639 210306 4 6 0.54 0.19 9.5 -0.13 D- Is 
1 3904.79 184453 210056 2 4 0.75 0.34 8.8 -0.17 D- Is 

•"';' 
ljlo_lS 

(10) 
vrwu 184811 211339 12 4 2.1 0.15 22 0.25 Ü ca 

3802.08 185045 211339 6 4 0.97 0.14 11 -0.07 D Is 
3744.22 184639 211339 4 4 0.68 0.14 7.0 -0.25 D Is 

i 3717.63 184453 211339 2 4 0.34 0.14 3.5 -0.55 D Is 

6j 4/>-|'S)4</ -I'0--I) 
(4) 

T22H.8 141467 172429 6 10 4.6 1.2 77 0.86 D ca 

i 3233.62 141513 172429 4 6 4.6 1.1 46 0.64 D Is 
3219.32 141376 172429 2 4 3.9 1.2 26 0.38 D Is 

! 
1 

3233.62 141513 172429 4 4 0.77 0.12 5.2 -0.31 D- Is 

7   4</-('S)5p 
(■M 

5203.86 172429 191640 6 4 0.79 0.22 22 0.11 D ca. Is 
5203.86 172429 191640 4 4 0.088 0.036 2.5 -0.84 £ ca. Is 

8 4</-('S)5/ -n--r 
(6) 

3280.22 172429 202906 10 14 1.8 0.40 43 0.60 D ca 

9 4/'- ('S ).W ■p_.|) 4587.91 178653 2(K)443 14 10 0.11 0.026 5.4 -0.45 D ca 
(7) 

A  

PHI 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [lj. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

|1| Naqvi. A. M.. Thesis Harvard (19511. 
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Pin. Forbidden Transitions 

No. 
Transition 

Array Multiple! x(A) E,(vm ') £*(cm ') Hi Mk 

Type of 
Transi- 

tion 
4kl(»fc-<) .S'(al.u.) 

Accu- 
racy Source 

1 3p-('S)3p jpo_ipo 

[17.865 xlO4] 0.0 559.6 2 4 m 0.00157 1.33 A i 

Crcu id State 

Ionizatiun Potential 

PIV 

ls22s22/3s2 'S„ 

51.354 eV = 414312 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [A] No. Wavelength [Ä] No. 

368.01 25 847.72 14 1065.7 9 
368.32 25 849.80 14 1066.6 9 
368.96 25 850.39 14 1086.9 8 
388.32 10 851.09 14 1088.6 8 
424.06 26 855.05 12 1091.4 8 

443.81 23 859.73 13 1094.4 21 
444.25 23 860.49 13 1118.6 4 
444.27 23 861.53 13 1589.0 22 
445.16 23 863.31 13 1640.6 3 
445.17 23 865.01 13 1691.8 7 

445.18 23 866.81 13 1845.6 6 
522.01 24 907.60 16 1847.5 5 
628.983 19 908.05 15 3347.72 27 
629.914 19 950.669 1 3364.44 27 
631.765 19 963.97 18 3371.10 27 

756.5S 17 1025.58 2 3717.03 29 
776.37 20 1028.13 2 3717.63 29 
823.177 11 1030.55 2 3719.3 29 
824.733 11 1033.14 2 3727.6 29 
827.932 11 1035.54 2 3728.6? 29 

845.97 14 1065.5 9 4249.57 28 
847.02 14 

Zare's values [1] have been calculated by means of the method of superposition of configura- 
tions, employing Hartree-Fock-Slater wavefunctions as a starting point. The calculations have 
been carried out in both the dipole length and dipole velocity representatioiis: the length values 
are chosen in all cases as being probably more reliable. Crossley and Dalgarno's values [2] have 
been obtained from nuclear charge-expansion calculations which include configuration mix.ng 
in a limited way. Zare's method must be considered the more refined of the two calculations. 
Hence his data have been chosen whenever there was a choice. In many cases, the degree of fit 
of the data into the apparent /-value dependences on nuclear charge could be utilized as an addi- 
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tionai criterion in arriving at the accuracy estimates. The accuracy assignments for any transition 
involving the 3s3d'D, 3p3rf'D, or 3p2'D energy levels have been reduced since reliability of 
these energy levels is quite doubtful. Hence, for transitions involving these states, the listed line 
strength will be more reliable than either the oscillator strength or the transition probability, 
since the latter two quantities depend on the wavelength of the transition. 

References 

(lj Zare. R. N., J, Chem. Phys. 47, 3561 (1967). 
J2J Crossley, R. J. S., and Dalgarno, A.. Proc. Roy. Sue. London A286, 510-51& (1965). 

PIV.   Allowed Transitions 

NU. Transition 
Array 

Multiple) \(A) filcnr1) EkUn\-') » A'A 4»,< 10" sec') fit Slat.u.) logfl/* Accu- 
racy 

Source 

1 3s1-3si'lS)3p 'S —'P° 
(1 uv) 

950.669 0 105190 1 3 39.4 1.60 5.01 0.204 B 1 

2 3$3p—3p1 »P°_ap 
(2uv) 

1030.5 68374 165411 9 9 30.2 0.481 14.7 0.64 C + 2 

1030.55 
1030.55 
1035.54 
1033.14 
1025.58 
1028.13 

686G7 
68139 
68607 
68139 
69139 
67912 

165646 
165178 
165178 
164935 
165646 
165178 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

22.6 
7.5 

12.4 
29.9 

7.7 
10.1 

0.360 
0.120 
0.120 
0.160 
0.201 
0.482 

6.1 
1.22 
2.04 
1.63 
2.04 
1.63 

0.255 
-0.444 
-0.222 
-0.319 
-0.220 
-0.317 

c + 
c + 
c + 
c + 
c + 
c + 

Is 
Is 
Is 
Is 
Is 
Is 

3 'P -'D [1640.6] 105190 166144 3 5 1.8 0.12 1.9 -0.44 E 1 

4 .po_,s [1118.6] 105190 194589 3 1 32.4 0.203 2.24 -0.215 C- 1 

5 3s{2Sßd- 
3p(!P°)3</ 

'D-'P [1847.5] [222142] [276270] 5 7 7.3 0.53 16 0.42 D- 2 

6 'D-'DP [1845.6] [222142] [276325] 5 5 1.2 0.063 1.9 -0.50 D- 2 

7 'D-'P" [1691.8] [222142] 281251 5 3 2.6 0.068 1.9 -0.47 D- 1 

8 3[)_.ipo 1090.0 
1091.4 
1088.6 
1086.9 
1091.4 
1088.6 
1088.6 

189389 
189389 
189389 
189389 
189389 
189389 
189389 

281133 
281011 
281251 
281391 
281011 
281251 
281251 

15 
7 
5 
3 
5 
3 
5 

9 
5 
3 
1 
5 
3 
3 

18 
15 
14 
18 
2.7 
4.5 
0.30 

0.19 
0.19 
0.14 
0.11 
0.048 
0.080 
0.0032 

10 
4.8 
2.6 
1.1 
0.86 
0.86 
0.057 

0.46 
013 

-0.15 
-0.50 
-0.62 
-0.62 
-1.80 

D + 
D + 
D + 
D + 
D + 
D + 
D + 

1 
Is 
Is 
Is 
Is 
Is 
Is 

9 3D-3D° 1065.8 189389 283211 15 15 16 0.27 14 0.61 D 2 

1065.7 
1065.5 
1066.6 
1065.5 
1066.6 
1065.7 
1065.5 

189389 
189389 
189389 
189389 
189389 
189389 
189389 

283221 
283239 
283142 
283239 
283142 
283221 
283239 

7 
5 
3 
7 
5 
5 
3 

7 
5 
3 
5 
3 
7 
5 

14 
11 
12 
2.4 
3.9 
1.7 
2.3 

0.24 
0.18 
0.20 
0.030 
0.040 
0.042 
0.067 

5.8 
3.2 
2.1 
0.73 
0.70 
0.73 
0.70 

0.21 
-0.05 
-0.22 
-0.68 
-0.70 
-0.68 
-0.70 

D 
D 
D 
D- 
D- 
D- 
D- 

Is 
Is 
Is 
Is 
Is 
Is 
Is 

10 3s!-3s(2S)4p 'S-'P° [388.32] 0 257520 1 3 15 0.10 0.13 -0.00 D- 1 

11 3i3p-3s(*S)3d SP°_3D 
(3uv) 

826.34 68374 189389 9 15 46.7 0.7% 19.5 0.855 B 1 

827.932 
824.733 
823.177 
827.932 
824.733 
827.932 

68607 
68139 
67912 
68607 
68139 
68607 

139389 
18W89 
189389 
189389 
189389 
189389 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

46.4 
35.2 
26.3 
11.6 
19.5 

1.3 

0.668 
0.598 
0.801 
0.119 
0.199 
0.0079 

9.10 
4.87 
2.17 
1.62 
1.62 
011 

0.524 
0.254 

-0.096 
-0.225 
-0.224 
-1.40 

B 
B 
B 
C 
C 
D 

Is 
Is 
Is 
Is 
Is 
Is 

12 'P°-'D 
(5uv) 

[855.0 5] 105199 [222142] 3 
5 

84 1.5 13 0.65 D 1 
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PlV.    Allowed Transitions—Continued 

No. Transition 
Arrav 

Multiple! kik) EAvm ') Ekiim ') 

9 

Mi 

9 35 

h 

0.39 

.St at. it. 1 

10 0.55 

Accu- 
racy 

Ü 

Source 

13 3pt-3p(,P")3d 3P_3P° 864.14 165411 28/;.'« 2 

866.81] 
861.53 
865.01 
860.49 
863.31 
859.73 

165646 
165178 
165646 
165178 
165178 
164935 

281011 
281251 
281251 
281391 
281011 
281251 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

26 
8.8 

15 
35 
8.8 

12 

0.29 
0.098 
0.098 
0.13 
0.16 
0.39 

4.2 
0.83 
1.4 
1.1 
1.4 
1.1 

0.16 
-0.53 
-0.31 
-0.41 
-0.32 
-0.41 

I) 
D- 
D- 
D- 
D- 
n- 

Is 
Is 
Is 
Is 
Is 
Is 

14 3P_3D° 848.90 165411 283211 9 15 64 1.2 29 1.03 I) 2 

849.80 
847.02 
845.97 
850.39 
847.72 
851.09 

165646 
165178 
164935 
165646 
165178 
165646 

283321 
283239 
283142 
283239 
283142 
283142 

5 
3 
I 
5 
3 
5 

7 
5 
3 
5 
3 
3 

66 
48 
36 
16 
27 

1.8 

1.0 
0.86 
1.1 
0.17 
0.29 
0.011 

14 
7.2 
3.2 
2.4 
2.4 
0.16 

0.70 
0.41 
0.04 

-0.07 
-0.06 
-1.26 

1) 
D 
D- 
D- 
D- 
E 

Is 
Is 
Is 
Is 
Is 
Is 

15 •D-'P (908.05] 166144 1276270] 5 7 35 0.61 9.1 0.48 E 2 

16 'D-'D° [907.60] 166144 [2763251 5 5 31 0.39 5.8 0.29 E 2 

17 'D-'P° [756.53] 166144 298327 5 3 4.1 0.021 0.26 -0.98 K 1 

18 'S-'P° [963.97] 194589 298327 1 3 29.0 1.21 3.84 0.083 <: 1 

19 3*3p-3j<*S)4s .ipo_3g 
(4uv) 

«0.86 

631.765 
629.914 
628.983 

683 74 

68607 
68139 
67912 

226889 

226889 
226889 
226889 

9 

5 
3 
1 

3 

3 
3 
3 

49.2 

27.3 
16.5 
5.5 

0.098 

0.098 
0.098 
0.098 

1.83 

1.02 
0.61 
0.203 

-0.055 

-0.310 
-0.53 
-1.009 

<: 

<: 
c 
c 

1 

/5 
h 
Is 

20 'PO-'S [776.37] 105190 233995 3 1 24.2 0.073 0.56 -0.66 <:- 1 

21 3p2-3«(lS)4p "D -lP° [1094.4] 166144 257520 5 3 5.6 0.061 1.1 -0.52 E 1 

22 >S-'P° [1589.01 194589 257520 1 3 0.18 0.021 0.11 -1.69 I) 1 

23 3s3p-3s(2S)M .ip«_:.D 444.71 68H74 293242 9 15 0.75 0.0037 0.049 -1.48 E I 

445.16] 
444.25 
443.81 
445.17 
444.27 
445.18 

6' -s»? 
WÖ139 
67912 
68607 
68139 
68607 

293247 
293239 
293234 
293239 
293234 
293234 

5 
3 
1 
5 
3 
5 

7 i 

5 
3 
5 
3 
3 

0.75 
0.55 
0.42 
0.19 
0.32 
0.021 

0.0031 
0.0027 
0.0037 
5.6X10 -* 
9.3 xlO« 
3.7X10 ' 

0.023 
0.012 
0.0054 
0.0041 
0.0041 
2.7X10 4 

-1.81 
-2.09 
-2.43 
-2.55 
-2.55 
-3.73 

E 
E 
E 
E 
E 
E 

Is 
Is 
Is 
Is 
Is 
Is 

24 ip°_'D [522.01] 105190 296758 3 5 0.74 0.0050 0.026 -1.82 E 1 

25 3s3p-3$(2S)5d sp°_»D .'168.64 68374 .«96.18 9 15 20 0.070 0.76 -0.20 D 1 

j 

[368.96 
1368.32 
[368.01 
[368.96 
[368.32 
[368.96 

68607 
68139 
67912 
68607 
68139 
68607 

339636 
339639 
339642 
339639 
339642 
339642 

5 
3 
1 
5 
3 
:> 

7 
5 
3 
5 
3 
3 

20 
15 
11 
5.1 
8.5 
0.56 

0.058 
0.052 
0.069 
0.010 
0.017 
6.9x10 < 

0.35 
0.19 
0.084 
0.063 
0.063 
0.0042 

-0.54 
-0.81 
-1.16 
-1.30 
-1.29 
-2.46 

I) 
I) 
D- 
D- 
D- 
F. 

Is 
Is 
Is 
Is 
Is 
Is 

26 1 
ip°_!D [424.06] 105190 [341005] 3 5 0.11 4.8X10 ■> 0.0020 -2.84 E 1 

27 354s-3*(*S)4p aS_3p° 

"(1) 
.'«.5.5.9 226889 256679 3 9 2.11 1.07 35.4 0.51 <: + 1 

3347.72 
3364.44 
3371.10 

226889 
226889 
226889 

2.56751 
256603 
256544 

3 
3 
3 

5 
3 
1 

2.13 
2.09 
2.) 

0.60 
0.355 
0.12 

19.7 
11.8 
3.9 

0.255 
0.027 

-0.45 

c + 
c + 
D 

Is 
Is 
Is 

28 'S-'PJ 

(2) 
4249.57 233995 257520 1 3 0.84 0.69 9.6 -0.161 <: 1 
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P IV.   Allowed Transitions—Continued 

No. Transition Multiple! MÄ) Aj(cnr') £*«m ') Hi A'A- -4»,<]0"se<   ')        fy SW.a.) I*«/ A( cu- Source 
Array racy 

29 35<fc/-3s(2S)5,o 
(3) 

[3719.3] 293247 320126 7 5 2.0 0.30 26 0.32 D ca. Is 
3728.67 293239 320053 5 3 1.8 0.23 14 0.06 D ca. Is 
3717.63 293239 320126 5 5 0.36 0.075 4.6 -0.43 D- ca, is 

[3727.6] 293234 320053 3 3 0.60 0.12 4.6 -0.44 D- ca. Is 
3717.03 293234 320126 3 5 0.024 0.0084 0.31 -1.60 . E ca, Is 

Piv 

Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The results for the:,P° —:,P° transitions 
are essentially independent of the choice of the interaction parametei s. For the 3P°— 'P° transitions, 
Naqvi uses empirical term intervals, i.e., the effects of configuration interaction should be partially 
included. 

Reference 

[11 Naqvi. A. M.. Thesis Harvard (1951). 

P iv.    Forbidden Transitions 

No. 
Transition 

Array Multiple! X(A) A", (cm -') Eilen1) & Hk 
Type of 
Transi- 

tion 
.4*1 (sec ') S(at.u.) 

Accu- 
racy Source 

1 ä*3/i-äsf*S)3ft :ip°_:ip° 
143.963 X 10*1 
[21.343 x KH] 

67911.6 
68139.0 

68139.0 
68607.4 

1 
3 

3 
5 

m 
m 

2.12X10-' 
0.00139 

2.00 
2.50 

A 
A 

1 
1 

2 :ip°_ ip° 
[2681.7) 
[2698.2] 
[2732.7] 

67911.6 
68139.0 
68607.4 

105190 
105190 
105190 

1 
3 
5 

3 
3 
3 

m 
m 
m 

0.078 
6.3 
0.092 

1.67x10 < 
0.0137 
2.09 X 10 ~< 

C 
C 
C 

1 
1 
1 
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PV 

Grourd State 

lonizafion Potential 

15*25*2/3« *S,/» 

65.007 eV = 524462,9 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [Ä] No. Wavelength [Ä] No. 

255.60 3 544.91 5 1118.0 1 
255.69 3 673.86 7 1128.0 1 
328.47 2 673.91 7 1379.7 12 
328.77 2 865.46 4 1385.2 12 
410.06 9 871.37 4 2424.3 11 

410.08 9 871.45 4 2440.8 11 
475.60 8 997.53 6 2441.1 11 
475.62 8 997.64 6 3175.16 10 
542.57 5 1000.4 6 3204.06 10 

The only source available for this ion are the charge-expansion calculations of Crossley and 
Dalgarno [1] which include limited configuration mixing. Graphical comparisons of this work with 
more refined values within the isoelectronic sequence indicate an accuracy of 25 percent or better. 
A number of additional values have been obtained from studies of the /-value dependence on 
nuclear charge. The reliable material available for other ions of this isoelectronic sequence in 
these cases permits the determination of reliable values for P V simply by graphical interpolation. 

Reference 

[1J Crossley, R. J. S.. and Dalaim», A.. Proc. R»y. Snr. '.imdun A286, 510-518 (1965). 

Pv. Allowe d Transitions 

No. Transition 
Array 

Mulliplel A(A) kiiim ') /ülcm ') Hi ft /tir/OPaer-1) A ■S'lal.u.l w«/ Accu- 
racy 

Source 

1 3J—3p JS_ipo 1121.3 0 8V18I 2 6 11.9 0.67 4.95 0.127 C 1 

[1118.0] 
[1128.0] 

0 
0 

89446 
88652 

2 
2 

4 
2 

12.0 
11.6 

0.448 
0.222 

3.30 
1.65 

-0.048 
-0.353 

C 
C 

It 
Is 

2 3s-4p »S-ip. .'«8.57 0 304350 2 6 11 0.055 0.12 -0.96 D + interp 

[328.47] 
[328.77] 

0 
0 

30444S 
304161 

2 
2 

4 
2 

11 
11 

0.037 
0.018 

0.080 
0.040 

-1.13 
-1.44 

D + 
D + 

Is 
Is 

3 3s—5p ts_lp. 255.6.? 0 397/95 2 6 7.5 0.22 0.037 -!.% D interp 

[255.60] 
[255.69] 

0 
0 

391242 
391102 

2 
2 

4 
2 

7.6 
7.3 

0.015 
0.0071 

0.025 
0.012 

-1.52 
-i.85 

D 
D 

Is 
Is 

4 ip-M *P°_«D 869.39 89181 204204 6 10 36.7 0.69 11.9 0.62 C 1 

871.37 
865.46 
371.45 

89446 
88652 
89446 

204208 
204197 
204197 

4 
2 
4 

6 
4 
4 

36.2 
31.0 
6.0 

0.62 
0.70 
0.069 

7.1 
3.97 
0.79 

0.394 
0.146 

-0.56 

C 
c 
c 

Is 
Is 
Is 

120 



P v. Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! x(A) £f(rm~') Ek{vm>) Hi «k 4».,<10"sec-') A 
■ 

Slat.u.) Wxf Accu- 
racy 

Source 

5 3p-4s »po_jS 544.13 89181 272961 6 2 74 0.11 1.2 -0.lt C interp 

[54J.91] 
[542.57] 

89446 
88652 

272961 
272961 

4 
2 

2 
2 

49 
25 

0.11 
0.11 

0.79 
0.39 

-Q.M 
-G66 

C 
C 

Is 
Is 

6 M-\p «D-lP° 998.54 204204 304350 10 6 17 0.15 4.9 0.18 C interp 

[997.64] 
[1000.4] 

[997.53] 

204208 
204197 
204197 

304445 
304161 
304445 

6 
4 
4 

4 
2 
4 

15 
16 

1.7 

0.15 
0.12 
0.025 

2.9 
1.6 
0.33 

-0.05 
-0.32 
-1.00 

C 
C 
C 

Is 
Is 
Is 

7 3d-if *D-2F° 673.90 204204 352595 10 14 97 0.92 20 0.96 C-r interp 

673.91 
673.86 
673.91 

204208 
204197 
204208 

352595 
352595 
352595 

6 
4 
6 

8 
6 
6 

91 
88 
6.3 

0.83 
0.90 
0.043 

11 
8.0 
0.57 

0.70 
0.56 

-0.S9 

C + 
c+ 
c+ 

Is 
Is 
Is 

8 3d-5f *D-*P 475.61 204204 414459 10 14 36 0.17 2.7 0.23 c interp 

475.62 
475.60 
475.62 

204208 
204197 
204208 

414459 
414459 
414459 

6 
4 
6 

8 
6 
6 

35 
35 
2.4 

0.16 
0.18 
0.0082 

1.5 
1.1 
0.077 

-0.02 
-0.14 
-1.31 

c 
c 
c 

Is 
is 
Is 

9 3rf-6/ sD_2jr° 410.07 204204 448062 10 14 17 0.061 0.82 -0.21 c interp 

410.08 
410.06 
410.08 

204208 
204197 
204208 

448062 
448062 
448062 

6 
4 
6 

8 
6 
6 

17 
16 

1.1 

0.058 
0.061 
0.0028 

0.47 
0.33 
0.023 

-0.46 
-0.61 
-1.77 

c 
c 
c 

Is 
Is 
Is 

10 4s—4p »S-lP° 
(li 

3184.9 272961 304350 2 6 2.32 1.06 22.2 0.326 c ca 

3175.16 
3204.06 

272961 
272961 

304445 
304161 

2 
2 

4 
2 

2.34 
2.28 

0.71 
0.351 

14.8 
7.4 

0.151 
-0.154 

c 
c 

Is 
Is 

11 ip-id *P°_20 2435.3 304350 345401 6 10 7.4 1.1 53 0.82 c interp 

[2440.8 
2424.3 
2441.1 

304445 
304161 
304445 

345403 
345398 
345398 

4 
2 
4 

6 
4 
4 

7.4 
6.4 
1.2 

1.0 
1.1 
0.11 

32 
18 
3.5 

0.60 
0.34 

-0.36 

c 
c 
c 

Is 
Is 
Is 

12 4p—5s jpo_2g 1383.3 304350 376639 6 2 20 0.19 5.2 0.06 c interp 

[1385.2] 
[1379.7] 

304445 
304161 

376639 
376639 

4 
2 

2 
2 

13 
6.6 

0.19 
0.19 

3.5 
1.7 

-0.12 
-0.42 

c 
c 

Is 
Is 

Ground State 

Pvi 
ls*2j82p« 'So 

Ionization Potential 220.414 eV= 1778250 cm"1 

Allowed Transitions 
Calculations by Kastner, Omidvar, and Underwood [1], employing Hartree-Fock wavefunc- 

tions and including intermediate coupling, are available. Since the calculations are based on a 
single-configuration approximation only, uncertainties of up to 50 percent are expected for the 
strong lines and even higher uncertainties for the weak lines, the latter being more affected by 
assumptions about the coupling. 

Reference 

[1] Kastner. S. O.. Omidvar. K„ and Underwood, J. H.. Astrophys. J. 148, 269-273 ll%7). 
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P VI.   Allowed Transitions 

No. Transition 
Array 

Multiple! XIÄ) EiU-m ') £*(cm ') fr Hk .iullO" sec ') /» .S(at.u.; t»!S «/ Aceu- 
racy 

Source 

1 2p"- 
3frt'F&,)3i 

'S-'P0 

[91.471] 0 1093240 1 3 74 0.028 0.0084 -1.55 !•: 1 

2 2p«- 
2p»(lP?/J)3i 

'S-'P° [90.647] 0 1103180 1 3 490 0.18 0.054 -0.74 i) 1 

3 2p»- 
2p>(»P3/2)3d 

'S-3P° 
[76.5341 0 1306610 1 3 16 0.0&I2 0.0011 -2.38 K 1 

4 2p8- 
2pHtP%iKd 

<S — »p° [75.648] 0 1321910 1 3 4700 1.2 0.30 0.08 1) 1 

5 2p«- 
2pW/,)3d 

•S-3D° 
[74.951] 0 1334210 1 3 670 0.17 0.042 -0.77 1) 1 

P VII 

Ground State ls22.s22/>"'aPS,2 

lonization Potential 263.31 eV = 2124300 era-' 

Allowed Transitions 

The value for the 2.i22ir'2P°—2s2pH-S multipiet is calculated from the nuclear charge-expan- 
sion method of Cohen and Dalgamo [1]. It may be quite uncertain since configuration interaction 
effects with configurations involving the n = 3 shell electrons, which were not included in this 
calculation, may be significant. 

Reference 

|1| Cohen. M.. and Dalaarno. A.. IW. Roy. Soc. London A280, 258-270 (1964). 

P VII.   Allowed Transitions 

No. Transition 
Array 

Multiple! xtAi 

22 :M 

1219.91] 
[223.48] 

A'ilcm ') 

2m 
0 

7268 

EkWm 'I m A .4ni(]U"see ') /« .S'fat.u.) l«K «/ Accu- 
racy 

Source 

1 25,2p*-2s2/<" ,|,o_JS 

....        

454732 

454732 
454732 

6 

4 
2 

2 

2 
> 

420 

290 
140 

0.10 

0.10 
0.10 

0.45 

0.30 
0.15 

-0.22 

-0.40 
-0.70 

1) 

1) 
F) 

1 

Is 
Is 
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Pvii 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1J. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 
|1| Nacivi. A. M., Thesis Harvard (1951). 

Pvii.  Forbidden Transitions 

No. 
Transition 

Array Multiple) MA) A', (cm1) £«(('m"') (ti fik 

Type of 
Transi- 

tion 
4»((sec ') S(al.u.) 

Accu- 
racy Source 

1 2,r'-2,r- L'|»°_ ao« 
[13755] 0 7268 4 2 m 6.89 1.33 A ! 

P VIII 

(»round State 

Ionization Potential 309.26 eV = 2495000 cm-' 

Allowed Transitions 

The values are calculated from the charge-expansion method of Cohen and Dal»arno [1J 
which includes limited configuration mixing. From comparisons with other ions in the isoelec- 
tronic sequence, uncertainties should be within 50 percent. 

Reference 

111 (lohen. M.. and Daljsarno. A.. Proc. Roy. Soc. London A280,258-270 (1964). 

PviII.    Allowed Transitions 

No. Transition 
Arra> 

Mllltiplel AlA) fc'/lcm '( £),(<■ m '( Hi ft* .*».,( 10" sec ') fa .S'lat.u.) W «/ Accu- 
racy 

Source 

1 2.c2/,'-2s2/,' :ip_:ip° 247,77 2789 406.989 9 9 190 0.18 1.3 0.21 D 1 

247.64 
248.0.» 
244.55 
246.32 
251.23 
249.32 

0 
5757 

0 
5757 
5757 
7826 

403806 
408913 
408913 
411736 
403806 
408913 

5 
3 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

140 
49 
83 

190 
46 
61 

0.13 
0.045 
0.045 
0.058 
0.073 
0,17 

0.54 
0.11 
0.18 
0.14 
0.18 
0.14 

-0.17 
-0.87 
-0.65 
-0.76 
-0.66 
-0.77 

D 
D 
D 
D 
D 
D 

Is 
Is 
Is 
Is 
Is 
Is 

2 'D-'P0 [l%.76] [52450] [560680] 5 3 310 0.11 0.35 -0.26 D 1 

3 'S-'P° [222.37] [110970] [560680] 1 3 46 0.10 0.075 -1.00 D 1 

W8-022 0-69— 11 
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Pviii 

Forbidden Transitions 

As in the case of NdIV the adopted values are taken from Naqvi (1], and Malville and Berger 
[2]. For a discussion on the selection of values see Naiv, since the same considerations have 
been applied. 

References 
[1] Naqvi, A. M. Thesis Harvard (1951). 
[2] Malville. J. M. and Berger. R. A., Planetary and Space Science 13, 1131-1136 (1965). 

P VIII.    Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet MÄ) £i(cm-') Wen"1) n Pk Transi- 

tion 
^■/(setr1) S(at.u.) racy Source 

1 2p*-2p* •P-'P 
17365 0 5757 5 3 e 1.09 x 10-» 0.0306 C- 1.2 
17365 0 5757 5 3 m 4.28 2.49 B 1 
12774 0 7826 5 1 e 6.8 x 10 s 0,0138 C- 2 
48319] 5757 7826 3 1 m 0.476 1.99 B 1 

2 :|P-'D 
1906.6 0 '52450 5 5 e 0.014 0.0011 D- 1,2 
1906.6 0 "52450 5 5 m 28.7 0.0369 C 1 
2141.0 5757 '52450 3 5 e 0.0011 1.5 X10-' D- 1.2 
2141.0 5757 52450 3 5 m 6.8 0.0124 C 1 

[2240.3] 7826 [524501 1 5 e 4.6X10J 7.7 X10-5 D- 2 

3 *!* —»S 
[901.14]1             0 
[950.45J j       5757 

[110970] 
[110970] 

5 1 e 0.18 6.3 x 10 -'• D- 2 
3 1 m 340 0.0108 C 2 

4 •D-'S 
[1708.8] [52450] [110970] 5 1 e 6.2 0.054 C- 2 

Pix 

Ground State 

Ionization Potential 

lafety»«Sfa 

371.6 eV= 2997600 cm-' 

Allowed Transitions 
List of tabulated lines: 

Wavelength [Ä] No. Wavelength [Ä| No. Wavelength [A) No. 

194.61 3 234.94 7 283.25 1 
197.03 3 235.22 7 283.% 8 
197.25 3 250.05 2 2a5.36 ; 
211.17 6 250.37 2 289.28 , 
211.60 6 250.40 2 289.53 1 

214.02 6 250.72 2 308.65 9 
214.46 6 278.06 4 314.77 9 
227.75 5 278.82 4 314.95 9 
228.25 5 279.21 4 ill. 33 9 
231.69 7 
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Values for all the listed transitions are calculated from the nuclear charge-expansion method 
of Cohen and Dalgarno [1], which includes limited configuration mixing. Judged from graphical 
comparisons with other ions in the isoelectronic sequence and from the general success of Cohen 
and Dalgarno's method for similar atomic systems, uncertainties within 50 percent are indicated.' 

Reference 

(1) Cnhen, M., and Dalgarno, A., Proc. Roy. Soc. London A280, 258-270 (1964). 

i 

Pix. Allowed Transitions 

No. ransition 
Array 

Multiple! \(A) £;(cm-') £*(tm-') 

..... 1 

m **• /*»,<10"sei-') 

! 
Slat.u.) lojf Kf Accu- 

racy 
Souire 

1 2s22p'-2s2p< <S°-4P 287.07 0 348350 4 12 56 0.21 0.78 -0.08 D 1 

289.53 
285.36 
283.251 

0 
0 
0 

345390 
350440 
353050 

4 
4 
4 

6 
4 
2 

54 
57 
58 

0.10 
0.069 
0.035 

0.39 
0.26 
0.13 

-0.40 
-0.56 
-0.85 

D 
D 
D- 

U 
Is 
Is 

2 2D°-2D 250.45 73505 472784 10 10 130 0.12 0.98 0.08 D 1 

250.72 
'250.05 
250.40' 
250.37; 

73730 
73167 
73730 
73167 

472580 
473090 
473090 
472580 

6 
4 
6 
4 

6 
4 
4 
6 

120 
110 

13 
8.4 

0.11 
0.11 
0.0079 
0.012 

0.55 
0.35 
0.039 
0.039 

-0.18 
-0.36 
- 1.32 
-1.32 

D 
D 
E 
E 

Is 
Is 
Is 
Is 

3 2D°—2P 196.35 73505 582810 10 6 440 0.15 0.98 0.18 D 1 

197.25 
194.61 

; 197.03; 

73730 
73167 
73167 

580710 
587010 
580710 

6 
4 
4 

4 
2 
4 

390 
450 
43 

0.15 
0.13 
O.O'tf 

0.59 
0.33 
0.065 

-0.05 
-0.28 
-1.00 

D 
D 
E 

Is 
Is 
Is 

4 2P°_2D 278.80 114106 472784 6 10 20 0.039 0.21 -0.63 D 1 

[279.21 
'278.06 
278.82; 

114-130 
113457 
114430 

472580 
473090 
473090 

4 
2 
4 

6 
4 
4 

20 
16 
3.3 

0.035 
0.038 
0 0038 

0.13 
0.070 
0.014 

-0.85 
-1.12 
-1.82 

D 
D 
E 

Is 
Is 
Is 

5 2po_2S 228.08 114106 552540 6 2 260 0.069 0.31 -0.38 D 1 

[228.25] 
[227.75] 

114430 
113457 

552540 
552540 

4 
2 

2 
2 

180 
86 

0.070 
0.067 

0.21 
0.10 

-0.55 
-0.87 

D 
n 

Is 
Is 

6 ipo_2p 213.35 114106 582810 6 6 130 0,090 0.38 -0.27 D 1 

214.46 
211.17 
211.60' 
;214.02j 

114430 
113457 
114430 
113457 

580710 
587010 
587010 
580710 

4 
2 
4 
2 

4 
2 
2 
4 

110 
90 
45 
22 

0.074 
0.060 
0.015 
0.030 

0.21 
0.084 
0.042 
0.042 

-0.53 
-0.92 
-1.22 
-1.22 

D 
D- 
D- 
D- 

Is 
Is 
Is 
Is 

7 2s2p4-2p» 2D-2P° 233.87 472784 900380 10 6 210 0.10 0.78 0.00 D 1 

234.94 
231.69 
235.22; 

472580 
473090 
473090 

898220 
904700 
898220 

6 
4 
4 

4 
2 
4 

180 
210 

20 

0.10 
0.085 
o.on 

0.47 
0.26 
0.052 

-0.22 
-0.47 
— 1 17 

D 
D 
E 

Is 
Is 
Is 

8 lS-*P° 287.49 552540 900380 2 6 12 0.045 0.086 -1.05 D 1 

[289.281 
[283.%] 

552540 
552540 

898220 
904700 

2 
2 

4 
2 

12 
13 

0.030 
0.016 

0.057 
0.029 

-1.22 
-1.49 

D 
D 

Is 
Is 

9 tp_«po 314.89 582810 900380 6 6 150 0.23 1.4 0.14 
1 

D 1 

314.95 
314.77 
308.65 

[321.33 

580710 
587010 
580710 
587010 

898220 
904700 
904700 
898220 

4 
2 
4 
2 

4 
2 
2 
4 

130 
100 
55 
24 

0.19 
0.15 
0.039 
0.076 

0.78 
0.?i 
0.16 
0.16 

-0.12 
-0.52 
-0.81 
-0.81 

D 
D 
D- 
D- 

Is 
Is 
Is 
Is 
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Pix 

Forbidden Transitions 

Naejvi's |1] calculations are ihe only available source. 

Reference 

[lj Naqvi. A. M.. Thesis Harvard (I951> 

P IX.    Forbidden Transitions 

No. 
Transition 

Array Multiple! x(A) Ei(em~*) A\(enr') A'/ A 
Type of 
Transi- 

tion 
•«*■<( sec ') .S(at.u.) 

Accu- 
racy Source 

1 2ir'-2p" Jg°_J[)o 

1356.3 
1356.3 
1366.7 
1366.7 

0 
0 
0 
0 

73730 
73730 
73167 
73167 

4 
4 
4 
4 

6 
6 
4 
4 

m 
p 

m 
e 

0.0441 
0.014 

10.9 
0.0083 

2.45 X 10 •• 
2.2 x 10 ' 
0.00412 
9.4 x 10 "• 

<:- 
D- 
<:- 
D- 

1 

2 4£°_2p° 

881.3« 
881.3« 
873.9C 
873.90 

] 
] 
J 
] 

0 
0 
0 
0 

113457 
113457 
114430 
114430 

4 
4 
4 
4 

2 
2 
4 
4 

m 
e 

m 
e 

57 
7.1x10 < 

127 
0.0030 

0.1X>288 
4 5x 10 ■ 
0.0126 
3.6 x 10 ,; 

<:- 

C- 
D- 

1 

1 
1 

3 JQO_2[)0 

[I7.76X104] 
[17.76X 104] 

73167 
73167 

73730 
73730 

4 
4 

6 
6 

m 
p 

0.001 "3 
2.6X10 '- 

2.40 
0.0016 

B 
D- 

4 2r)°_2J10 

2456.3 
2456.3 
2481.3 
2481.3 
2516.4 
2422.7 
2422.7 

73730 
73730 
73167 
73167 
73730 
73167 
73167 

114430 
114430 
113457 
113457 
113457 
114430 
114430 

6 
6 
4 
4 
6 
4 
4 

4 
4 
2 
2 
2 
4 
4 

m 
e 

m 
p 

p 

m 
e 

!7.3 
0.49 

18.5 
0.40 
0.25 

32.5 
0.22 

0.0380 
0.10 
0.0210 
0.044 
0.030 
0.069 
0.043 

C- 
1) 
C- 
1) 
1) 
<:- 
f) 

1 

1 

1 

5 2[»o 2j>o 

[10.2- 

[10 2" 
X 10'] 
x 10'j 

113457 
113457 

114430 
114430 

2 
2 

4 
4 

m 
p 

0.00828 
2.6X10 " 

1.33 
7.0 x 10 ' 

B 
I)- 

(Ground State 

lonization Potential 

Px 

Allowed Transitions 

\si2s22p*V» 

424.3 eV = 3423000 em-' 

Most data are obtained from 'he charge-expansion method of Cohen and Dalgarno [lj which 
includes limited configuration  mixing. Graphical comparisons of this material within the iso- 
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electronic sequence depicting the dependence of /-values on nuclear charge have been made, 
and the available experimental data lor the lower ions, mostly from lifetime measurements, estab- 
lish fairly definitely that (he uncertainties should not exceed 50 percent. 

Reference 

|l| Ctihen. M.. and Daluarn... A.. Pnic. Roy. Soc. London A280, 258-270 (19641. 

Px.    Allowed Transitions 

No. Transition 
Array 

Multiple! A(A) 

  

fifrtn  ') AV-lcm  '! m '■';• /*A,(10"ser 'I /«. .S'lal.u.) l»g «/ Accu- 
racy 

Source 

1 2s12!)*-2s2pl :,,,_,r)° 315.42 5897 3229.17 9 15 31 0.077 0.72 -0.16 DT 1 

318.26 
312.87 
309.4t 
318.04 
312.72 
317.88 

8580 
3390 

(J 
8580 
3.390 
8580 

322790 
323010 
32.3160 
.323010 
323160 
323160 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
.3 
3 

31 
24 
18 
7.6 

13 
0.84 

0.065 
0.058 
0.079 
0.011 
0.019 
7.6X10-4 

0.34 
0.18 
0.080 
0.060 
0.060 
0.0040 

-0.49 
-0.76 
—1.10 
-1.26 
-1.24 
-2.42 

D + 
D + 
D 
D 
D 
E 

h 
Is 
Is 
Is 
Is 
Is 

2 •'ip _ :'P0 

[269.4H] 
[265.77] 

8580 
3390 

.379660 
379660 

5 
3 

5 
5 

58 
20 

0.063 
0.035 

0.28 
0.093 

-0.50 
-0.98 

D 
D- 

\.ls 
\.ls 

3 .'<|>_:iy= 206.52 5897 490100 9 3 440 0.093 0.57 -0.08 D + 1 

207.68 
205.46 
204.04 

8580 
3.390 

0 

490100 
490100 
490100 

5 
3 
1 

3 
3 
.3 

240 
150 
50 

0.094 
0.094 
0.094 

0.32 
0.19 
0.063 

-0.33 
-0.55 
-1.03 

D-f 
D + 
E 

Is 
Is 
Is 

4 'D-'D° [235.27] 59.330 484377 5 5 220 0.19 0.72 -0.02 D 1 

5 iD-iP° [207.57] 59330 541090 5 3 280 0.11 0.37 -0.26 D 1 

6 'S—'P* [237.16] 1194.30 541090 1 3 76 0.19 0.15 -0.72 D- 1 

Px 

Forbidden Transitions? 

The adopted values represent, as in the case of NaVl. the work of Naqvi [1], Malville and 
Berger \'l\, and Froese [3]. For the selection of values, the same considerations as for NaVI are 
applied, .he one exception being that Froese's magnetic dipole values are aiso used. Since the 
observed energy levels are uncertain, it is felt that the £ and 17 calculated from her theoretical 
energy levels will be as accurate as the experimental ones. 

References 

|1] Naqvi. A. M.. Thesis Harvard (1951). 
|2) Malville, J. M. and Beruer. R. A.. Planetary and Space Science 13, 1131-1136 (1965). 
[31 Froese. C. Aslrophys. J. 145, 932-935 (1966). 
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P X.    Forbidden Transitions 

No. 
Transition 

Array Multiple! MÄ) /■.'/((• m ') fey cm '! P< Ml: 

Type of 
Transi- 

tion 
ll.lMT   ') .S'lal.u.) 

Accu 
racy 

1 2p1-V •.p_:ip 
[29491] 
[11652! 
[19263] 
[ 192«;;] 

0 
0 

3390 
3390 

3390 
8580 
8580 
8580 

1 
1 
3 
3 

3 
5 
5 
5 

m 
e 

m 
e 

0.698 
1.75x10 "' 
1.87 
3.12 x 10 * 

1.99 
0.0112 
2.48 
0.0247 

B 
<: 
B 
c 

'» ■I'-'D 
1685.5 
1787.6 
1787.6 
1070.4 
1970.4 

0 
3390 
3390 
8580 
8580 

59330 
59330 
59330 
59330 
59330 

1 
3 
3 
5 
5 

5 
5 
5 
5 
5 

e 
m 
e 

m 
e 

9.2X10 ' 
16.8 
0.0034 

37.3 
0.015 

3.7 X 10 » 
0.0178 
1.9X10 ' 
0.053 
0.0013 

I) 
V. 
I) 
c 
i) 

3 :.p_.S 

[861.77] 
[902.12] 

3390 
8580 

119430 
119430 

3 
5 

1 
1 

m 
e 

405 
0.31 

0.0096 
1.1 x 10 ' 

<: 
i) 

4 'D-'S 
[1663.9] 59330 119430 5 1 e 5.8 0.0437 c 

Source 

1.2.3 
3 

1. 2. 3 
3 

3 
1.2.3 

3 
1.2,3 

3 

2.3 
3 

PXI 

Ground State 

Ionization Potential 

Allowed Transitions 

ls-25-"2/<-P?,. 

479.4 eV = 3867500 cm~' 

Values for the majority of the transitions are calculated from the nuclear charge-expansion 
method of Cohen and Dalgarno [1). which includes limited configuration mixing. Graphical com- 
parisons with other data for the lower ions of this isoelectronic sequence indicate that the uncer- 
tainties should be within 50 percent. 

For the 2p 2P°—3s 2S and 2p ^P0—3d2D multipiets we have obtained data by exploiting the 
dependence of/-values on nuclear charge: In these cases accurate data for several other ions of 
the boron sequence are available from extended self-consistent field calculations by Weiss [2] in 
which configuration mixing is fully included. Utilizing those values, which are also supported by 
some experimental results on lower ions, we have obtained the /-values of the two transitions 
simply by graphical interpolation. 

References 

(1) Cohen. M.. and Dal«arno. A., Proc. Roy. Soc. London A280, 258-270 ll%4). 
[2] Weiss. A. W., orivale communiration (1967). 
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PXI.    Allowed Transitions 
-i " 

iI " 

No. Transition 
Array 

Multiple! xiA) £,lcm ') £'*<cm ') Mi A'* AutWaee-') h .S'lal.u.) I»»:*/ Accu- 
racy 

Source 

1 2s22/>-2s2/;2 2,>o_2rj .12/JM 6467 317190 6 10 26 0.068 0.43 -0.39 D 1 

325,21 
'315.27' 
325.21' 

9700 
0 

9700 

317190 
317190 
317190 

4 
2 
4 

6 
4 
4 

26 
23 
4.3 

0.061 
0.067 
0.0068 

0.26 
0.14 
0.029 

-0.61 
-0.87 
-1.57 

D 
D 
E 

/s 
Is 
Is 

2 *p_jS 2.S/.98 6467 403330 6 2 110 0.034 0.17 -0.69 D + 1 

[254.05] 
[247.94] 

9700 
0 

403330 
403330 

4 
2 

2 
2 

68 
38 

0.033 
0.035 

0.11 
0.057 

-0.88 
-1.15 

D + 
D 

Is 
Is 

3 *P»_«P 216.27 6467 429707 6 6 200 0.16 0.76 -0.02 D + 1 

236.99 
234.84 
240.32 
231.67 

9700 
0 

9700 
0 

431650 
425820 
425820 
431650 

4 
2 
4 
2 

4 
2 
2 
4 

160 
130 
61 
34 

0.13 
0.11 
0.027 
0.055 

0.42 
0.17 
0.084 
0.084 

-0.28 
-0.66 
-0.97 
-0.% 

D f 
D + 
E 
E 

Is 
Is 
Is 
Is 

4 2s2/»2-2/»:l ♦p_«S» 265.80 [1832m] [559500] 12 4 180 0.065 0.68 -0.11 D + 1 

268.02 
264.41 
262.05 

[186400] 
181300 

[177900] 

559500] 
559500] 
559500] 

6 
4 
2 

4 
4 
4 

89 
63 
31 

0.064 
0.066 
0.064 

0.34 
0.23 
0.11 

-0.42 
-0.58 
-0.89 

D + 
D + 
D + 

Is 
Is 
Is 

5 2p~l'S)3s 
,p„_,s 46. IM 

[46.203] 
[45.997] 

6467 
9700 

0 

2174060 
2174060 
2174060 

6 
4 
2 

2 
2 
2 

2100 
1400 
700 

0.022 
0.022 
0.022 

0.020 
0.013 
0.0067 

-0.88 
-1.06 
-1.36 

C 
C 
D 

in'.erp 
Is 
Is 

6 2//-('S)3</ 2|>o_2D 42.710 6467 2347866 6 10 1.4 x 104 0.64 0.54 0.58 C interp 

42.764 
42.599 
'42.776' 

9700 
0 

9700 

2348130 
2347470 
2347470 

4 
2 
4 

6 
4 
4 

1.4 x W 
1.2xl0J 

2300 

0.57 
0.64 
0.064 

0.32 
0.18 
0.036 

0.36 
0.11 

-0.59 

c 
c 
D 

Is 
Is 
h 

Pxi 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

[11 Naqvi. A. M.. Th<j«is Harvard (1951). 

P XI. Forbidden Transitions 

N... 
Transition 

Array Multiple! X(Ä) /;,(cm ') E»(cm ') Hi jKA 

Type of 
Transi- 

tion 
.4*1 (sec -') S(at.u.) 

Accu- 
racy Source 

1 2/>-('S)2/> »p°_2po 

[10306] 0 97(H) 2 4 m 8.19 1.33 A 1 
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Pxii 

(»round State I.S-2.S- 'S„ 

lonization Potential 560.3 eV = 45205(H) cm  ' 

Allowed Transitions 

Garstang and Shamey [1| have obtained the .Rvalue for the intercombination line 2 'So—2 ;,F| 
by calculating the ratio of this line against the resonance transition in the intermediate coupling 
aporoximation and by using for the resonance line a value calculated according to Cohen and 
Dalgarno's method |2). The data calculated from the charge expansion method of Cohen and 
Dalgarno [2], which includes limited configuration mixing, are estimated t > be usually accurate 
to 50 percent or better, while the charge-expansion method of Na«|vi and Victor |3| should be less 
reliable when the effects of configuration interaction are strong, since these are neglected entirely. 
In assigning the accuracy estimates for these methods as well as for the Coulomb approximation 
we were to a great extent guided by studying the degree of fit of the data into the systematic trends 
along isoelectronic sequences. 

Ke-.erences 

(1) Garstann. R. H.. and Shamey, L. J., Astrouhys. J. 148, 665-666 (I%7|. 
[2] Cohen. M.. and Dalisarno. A., Proc, Roy. Soc. London A280, 258 -270 11964). 
[3) Naqvi, A. M.. and Victor, G. A., Technical Documentary Report No. RTD TDR-6.V3: !rt U90,,. 

Pxii.    Allowed Transitions 

No. Transition 
Array 

Multiple! \<A) £i(cnr') £A(cm ') # /«*■ .■/*,( 10" sec ') /* .S'lai.u.) 

—1 

log «/ Accu- 
racy 

Source 

1 2s2-2s(2S)2p IS_3p0 

[536.51] 0 [186390] 1 3 O.O186 1.1 x 10 ' 2.0 x 10 ■< -3.% D In 

2 'S~'P° [278.68] 0 358840 1 3 70 0.245 0.225 -0.61 C 2 

3 252/) -2p2 :ip°_:ip 
[335.57] 
[328.30] 

[192990 
[186390; 

[4909,;0] 
[490990] 3 5 

43 
15 

0.072 
0.040 

0.40 
0.13 

-0.44 
- 0.92 

I) + 
D + 

2. Is 
2.1s 

4 'P°-'D [557.57] 358840 538190 3 5 13 0.10 0.55 -0.52 D- 2 

5 2*2-2si2S)3p 'S-'P° [37.345] 0 2677740 1 :< 1.1 x 10* 0.66 0.81 -0.18 E 3 

6 2*2p-2s(2S;3s ipo_ |£ [44.045] 358840 2629250 3 I 850 0.0083 0.0036 -1.60 E 3 

7 2s3s-2s(2S)3p 'S-'P° [2061.6] 2629250 2677740 1 3 0.79 0.152 1.03 -0.82 <: 3 

8 2/i3s-2/<l-P°)3p 'P°-'D [1407.5] 2876720 2947770 3 5 2.59 0.128 1.78 -0.416 <: en 

9 253p-2s(2S):W 'P°-«D [1208.5] 2677740 2760490 3 5 3.28 0.120 1.43 -0.444 c en 

10 2/>3p- 
2p(2P°)3tf 

'D-'F° [1906.9] 2947770 3000210 5 7 0.86 0.065 2.05 -0.488 <: id 

11 'D-'PU [1568.1] 2947770 3011540 5 3 0.04-13 9.8 x 10 * 0.0253 -2.310 <; en 
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Pxii 

Forbidden Transitions 

Na<|vi's calculations |lj are the only available source. The results for the :,F°— :,P° transitions 
are essentially independent of the choice of the interaction parameters. For the :,P°— 'F° transi- 
tions. Na<|vi uses empirical term intervals, i.e.. the effects of configuration interaction should be 
partially included. 

Reference 

|li   Naqvi. A. \1.. Thesis Harvard 11951». 

P xil.   Forbidden Transitions 

No. 
Transition 

Array MultipicI A(A) £,(cm-') Etlcm') fH Ml. 
Type of 
Transi- 

tion 
.-/A-jtsec-') S(at.M.) 

Accu- 
racy Source 

1 2s2p-2s(-S)2/> .ip°_:i|>° 

[31242] 
[15147] 

[183190] 
[186390] 

[!t.i390] 
[192990] 

1 
3 

3 
5 

m 
m 

0.590 
3.88 

2.00 
2.50 

B 
A 

1 
1 

2 :ip° _ i p° 

569.31, 
579.88 
602.95 

183190 
186390 
192990 

358840 
358840 
358840 

1 
3 
5 

3 
3 
3 

m 
m 
m 

77 
1940 

81 

0.00158 
0.0421 
0.00197 

C 
C 
C 

1 
1 
1 
  

Pxm 

(iround State ls-'2.v *Sm 

louization Potential 611.45 eV = 4933060 cm - 

Allowed Transitions 

Kor the transition 2s — 2i>. the charge-expansion calculation of Cohen and Dalgarno [1J is 
chosen. An uncertainty of less than 10 percent is indicated from the graphical comparison of 
this value with the other material for the same transition within the isoelectronic sequence. Data 
for the other listed transitions have been obtained from the Coulomb approximation. Plots of the 
dependence of /-value on nuclear charge for all these transitions have been made and show that 
this material connects up very smoothly with the data for the lower ions as well as with the hydro- 
jjenic value for infinite nuclear charge. Based on this impressive agreement, accuracies of 10 
percent (or 25 percent for some of the smaller values) are indicated. 

Reference 

|lt «'„hen. M.. and Dalgurno. A.. Pmc. Roy. Sue. London A280, 258-270 (1964). 
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P XIII. Allowed Transitions 

No. Transition 
Array 

Multiple! \(A» £,lcm ') Atd-iii ') m I"-'« /»„(HFsec '1 /« Mat.ii.l Wtd Accu- 
racy 

B 

Source 

1 2s-2p jgjpo 464.24 0 215407 2 6 10.4 0.100 0.307 -0.699 1 

[456.10] 
[481.42] 

0 
0 

219250 
207720 

2 
2 

4 
2 

10.9 
9.26 

0.0683 
0.0322 

0.205 
0.102 

-0.865 
-1.191 

B 
B 

As 
Is 

2 2s-3p 2S_jpo 35.110 
[35.086] 
[35.157] 

0 
0 
0 

2848230 
2850150 
2844390 

2 
2 
2 

6 
4 
2 

6180 
6190 
6150 

0.343 
0.229 
0.114 

0.0792 
0.0528 
0.0264 

-0.164 
-0.339 
-0.642 

B 
B 
B 

in 
Is 
h 

3 2p—3s „po_,S 38.767 215407 2794900 6 2 2610 0.0196 0.0150 -0.930 B ra 

[38.825] 
[38.652] 

219250 
207720 

2794900 
2794900 

4 
2 

2 
2 

1730 
877 

0.0196 
0.01% 

0.01 (XI 
0.00500 

-1.106 
-1.407 

B 
B 

Is 
Is 

4 2p-3</ 2p°_«D 37.655 215407 2871076 6 10 1.90 x I04 0.675 0.502 0.607 B CIl 

37.702 
37.558 
37.721' 

219250 
207720 
219250 

2871620 
2870260 
2870260 

4 
2 
4 

6 
4 
4 

1.90 X 10* 
1.60 x 10' 
3160 

0.606 
0.675 
0.0674 

0.301 
0.167 
0.0335 

0.385 
0.130 

-0.569 

B 
B 
B 

Is 
Is 
Is 

5 3s -3p JS_,po 1875.1 2794900 2848230 2 6 0.953 0.151 1.86 - 0.520 B ra 

[1810.0] 
[2020.0] 

2794900 
2794900 

2850150 
2844390 

2 
2 

4 
2 

1.06 
0.762 

0.104 
0.0466 

1.24 
0.620 

-0.682 
-1.031 

B 
B 

Is 
Is 

6 3p-3d 2po_2D 4375.9 2848230 2871076 6 10 0.0583 0.0279 2.41 -0.776 B ra 

4656.4] 
3864.4] 
4971.3] 

2850150 
2844390 
2850150 

2871620 
2870260 
2870260 

4 
2 
4 

6 
4 
4 

0.0485 
0.0705 
0.00664 

0.0236 
0.0316 
().(K)246 

1.45 
0.803 
0.161 

-1.025 
-1.199 
-2.007 

B 
B 
B 

Is 
Is 
Is 
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Ground State 

Ionization Potential 

1 I 

SULFUR 

Si 

ls22s22/>«3s*3p< 3P2 

10.357 eV = 83559.3 cm-1 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [A] No. Wavelength [Ä] No. 

1277.3 10 1474.39 7 7696.73 32 
1283.8 10 1474.57 7 8449.54 33 
1286.7 10 1483.04 7 8451.55 33 
1295.66 9 1483.23 7 8452.14 33 
1296.17 9 1485.61 3 8670.19 29 

1302.34 9 1487.15 7 8670.65 29 
1302.87 9 1666.69 13 8671.37 29 
1303.11 9 1687.49 2 8679.00 29 
1303.42 22 1706.38 12 8679.70 2«. 
1305.89 9 1706.9, 12 8680.47 29 

1316.57 20 1707.13 12 8693.24 29 
1316.6 20 1782.26 19 8693.98 29 
1323.5 20 1807.34 6 8694.70 29 
1323.52 20 1819.2 18 8874.53 24 
1326.64 20 1820.36 6 8880.1 24 

1381.57 1826.26 6 8880.70 24 
1385.52 1900.27 5 8882.47 24 
1388.46 1914.68 5 8884.23 24 
1389.16 2168.9 11 9035.92 30 
1392.61 2190.6 17 9036.32 30 

1396.15 3015.7 16 9036.73 30 
1401.54 21 4694.13 27 9038.72 30 
1409.37 21 4695.45 27 9039.27 30 
1412.90 21 4696.25 27 9039.5 30 
1425.10 4 5278.10 28 9212.91 25 

1425.2 4 5278.70 28 9228.11 25 
1425.23 4 5278.99 28 9237.49 25 
1433.33 4 6403.58 34 10455.5 26 
1437.01 4 6408.13 34 10456.8 26 
1444.32 8 6415.50 34 10459.5 26 

1448.25 15 6743.58 31 11403 23 
1452.6 8 6748.79 31 11406 23 
1471.82 14 6757.16 31 11453 23 
1472.5 14 7679.60 32 11464 23 
1474.01 7 

i 
768613 32 11472 23 

For the vacuum uv portion of the spectrum, two experimental data sources are available. 
Müller [1] has carried out a wall-stabilized arc experiment for many lines in this region; since his 
absolute values a^ree within a few percent with the scale provided by the lifetime measurements 
of Savage and Lawrence [4] employing the phase shift technique, we have in this case not renor- 
malized these values to the lifetime scale as we have usually done. Lawrence [2] has performed 
intermediate coupling calculations for all possible transitions in the 3p4 —3^4^ array; these num- 
bers are normalized by means of the scale provided by the lifetime experiment of Savage and Law- 
rence [4] above. Lawrence's values are chosen whenever Müller is not available. In ihe visible 
region of the spectrum, transition probabilities have been measured by Bridges and Wiese [3] using 
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a wall-stabilized arc, by Foster [6] with a vortex arc and by Miller [5] with a conventional shock-tube. 
All three experiments agree well on a relative basis, but the absolute scale of Bridges and Wiese 
is about a factor of two higher than that of the other two authors. The absolute values are estimated 
to be of only moderate accuracy, of the order of 20 to 50 percent, due to difficulties in determining 
the populations of the atomic states from which the emission takes place. We have therefore re- 
nonnalized the data of Bridges and Wiese, which are more complete than the others, to the scale 
provided by the Coulomb approximation. This scale is just about in between the two experimental 
scales and it fits extremely well into the/-value regularities observed for homologous atoms. The 
Coulomb approximation is employed for the remainder of the transitions listed and is expected to 
give results with uncertainties within 50 percent, except for those transitions involving shell- 
equivalent electrons. 

References 

(1  Müller. D.. Z. Naturforsch. 23a, 1707-1716 (1968). 
[2   Lawrence. G. M.. Astrophys. J. 148, 261-268 (1967). 
[3   Bridaes, J. M., and Wiese, W. I... I'hys. Rev. 159, 31-38 (1967). 
[4  Savage, B. I)., and Lawrence, G, M.. Astrophys. J. 146, 940-943 (1966). 
[5   Miller. M. H.. Thesis Maryland (1968) and In be published. 
[61 Foster, E. W., Proc. Phys. Sue. London A90, 275-282 (1967). 

S I.    Allowed Transitions 

No. Transition 
Array 

Multiple! \<A) £i(cm-') £*(cm-') Mi ßk •4*1 
(!()" sec-') 

h S(at. u.) log gf Accu- 
racy 

Source 

1 3s23/»4-3s3ps :ip_:ipo 

(7uv) 
im.7 196 72206 9 9 0.012 3.4 X10-4 0.014 -2.51 D 1 

1388.46 0 72026 5 5 0.0055 1.6 XIO4 0,0037 -3.10 D 1 
1389.16 397 72383 3 3 0.0017 4.9 X10-* 6.7 X10-4 -3.83 D 1 
1381.57 0 72383 5 3 0.0054 9.3X10 s 0.0021 -3.33 D 1 
1385.52 397 72572 3 1 0.013 1.2 xlO"4 0.0016 -3.44 D 1 
1396.15 397 72026 3 5 0.0057 2.8 xlO-4 0.0039 -3.08 D 1 
1392.61 574 72383 1 3 0.0052 4.5 x 10-4 0.0021 -3.35 D 1 

2 ■S-'P° 1687.49 22181 81441 1 3 0.94 0.12 0.67 -0.92 D 1 

3 3/>4-3pVS°)3</ »P~»D° 
(4uv) 

1485.61 574 67836 1 3 0.023 0.0023 0.011 -2.64 D 1 

4 ap _ .irj° 

(5uv) 
7429./ 796 70169 9 15 3.6 0.18 7.8 0.21 D 1 

1425.10 0 70171 5 7 3.5 0.15 3.5 -0.12 D I, Is 
1433.33 397 70167 3 5 2.7 0.14 2.0 -0.38 D I, Is 
1437.01 574 70166 1 3 2.0 0.19 0.90 -0.72 D 1 
1425.23 0 70167 5 5 0.89 0.027 0.63 -0.87 D- I. Is 
1433.33 397 70166 3 3 1.6 0.048 0.68 -0.84 D- i,is 

[1425.2] 0 70166 5 3 0.099 0.0018 0.042 -2.05 E \.ls 

5 3p4-3^S0)4s .ip _ 5g» 

(1 uv) 
1900.27 0 52624 5 5 6.6 XIO"4 3.6X10-' 0.0011 -3.74 D 1 
1914.68 397 52624 3 5 1.9 XlO4 1.7 XlO5 3.2 X 10-4 -4.29 D 1 

6 3p_»5° 
(2uv) 

1813.7 196 55331 9 3 7.1 0.12 6.3 0.03 C 1 

1807.34 0 55331 5 3 4.1 0.12 3.6 -0.22 C 1 
1820.36 397 55331 3 3 2.2 0.11 2.0 -0.48 C 1 
1826.26 574 55331 1 3 0.73 0.11 0.66 -0.96 c 1 

7 3j>4-3p»(*D°)4s' •p_H)° 
(3uv) 

1478.5 196 67&?2 9 15 1.7 0.094 4.1 -0.07 D 1.2 

1474.01 0 67843 5 7 1.6 0.075 1.8 -0.43 D 1 
1483.04 397 67826 3 5 3.2 0.066 0.97 -0.70 D '.2 
1487.15 574 67817 1 3 0.89 0.089 0.44 -1.05 D 1 
1474.39 0 67826 5 5 0.57 0.019 0.45 -1.02 D 1.2 
1483.23 397 67817 3 3 0.75 0.025 0.36 -1.12 D 1.2 
1474.57 0 6/817 5 3 0.068 0.0013 0.032 -2.19 D 1.2 
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S I.    Allowed Transitions -Continued 

N, Transition 
Array 

Multiple t      k() )       £|(cin-'l £V(em ' 1    Hi ay      Aki{W 
sec"') 

fa S(at.u.) log«/ Accu- Source 
racy 

t >P-'D° 
1444 

[1452 
.32               0 
.6 ]          397 

69239     5 
69239     3 

5    0.026 
5    0.(»035 

8.1 X10-4 

1.8 x 10-" 
0.019 
0.0026 

-2.3? 
-3.27 

D 
n 

1 
2 

9 W-fyflPP^k " <p_«p° 
(9uv) 

1299 2              1% 77166 9 9    5.7 0.15 5.6 0.13 D 1,2 
1295 
1302 
1296 
1303 
1302 
1305 

66               0 
87            397 
17               0 
11            397 
34            397 
89            574 

77181 
77151 
77151 
77136 
77181 
77151 

5 
3 
5 
3 
3 
1 

5    4.8 
3    1.1 
3    2.4 
1    4.8 
5 1 1.3 
3    1.7 

0.12 
0.028 
0.037 
0.041 
0.056 
0.13 

2.6 
0.36 
0.79 
0.53 
0.72 
0.56 

-0.22 
-1.07 
-0.73 
-0.91 
-0.77 
-0.89 

D 
D 
D 
D 
D 
D 

1 
2 
1 
1 
2 
2 

10 ■ip_ip° 

1277 
12R3. 

[1286 

31                0 
81            397 
7]            574 

78290 
78290 
78290 

5 
3 
1 

3    0.0012 
3     7.8 X 10-' 
3     1.7 X 10-' 

1.8 X10-5 

1.9X10-* 
1.3 x 10-« 

3.7 x 10-« 
2.4X10-7 

5.4 X 10-« 

-4.05 
-7.24 
-5.89 

D 
D 
n 

2 
2 
2 

11 3//*-3/rVS°Hs 'D-'S0 

12 3/><- 
3//VDW 

'D-'D0 

(10 uv) 

[2168. 9]          9239 1      55331 5 3    4.9x10« 2.1X10-' 7.4X10 < -3.98 D 2 

1706. 
[1706. 
1707. 

38          9239 
9]           9239 
13           9239 

67843 
67826 
67817 

5 
5 
5 

7    0.0012 
5     1.6x10' 
3    0.0050 

7.5 x 10-* 
7.0x10-' 
1.3 X10-4 

0.0021 
2.0 x 10-* 
0.0037 

-3.43 
-5.46 
-3.19 

D 
D 
D 

1 
2 
1 

13 •D-'D° 
(11 uv) 

1666. 59          9239 69239 5 5    5.8 0.24 6.6 0.08 c 1 

14 3p<- 
3^'(*P°>fe" 

'D-ip° 

1471.1 
[1472.= 

12           9239 
»]           9239 

77181 
77151 

5 
5 

5    0.025 
?    0.0053 

8.1x10"« 
1.0 x 10-* 

0.020 
0.0025 

-2.39 
-3.30 

D 
n 

1 
2 IS 'D-'P0 

(12 uv) 
1448.; S           9239 78290 5     . J    6.9 0.13 3.1 -0.19 D 1 

16 3/>«-.V(4S°)4s 'S-:!S° 

17 3p*- 'S--'0° 

[3015.7 1         22181 55331 i    : J    1.2 x 10-" 4.9X10-' 4.9 x 10-« -4.31 D 2 

i 12190.6 ]         22181 67817 1     3 0.0042 9.1x10"« 0.0065 -3.04 n 2 
18 3/;«- 

3/WW 
•S-:IP° 

[1819.2 ]         22181 77151 1     3 6.3 X 10-« 9.4X10* 5.6 X 10-« -4.03 D 2 
9 'S-'P° 

(13 uv) 
1782.2 5        22181 78290 1     3 1.5 0.22 1.3 -0.66 D 1 

!() V>4-3//'<<S0H</ <P_3D° 
(8 uv) 

1320.0 1% 7595.5 9   15 0.94 0.041 1.6 -0.43 D 1 
1316.5- 
1323.5; 
1326.fr? 
1316.6 
1323.5 
1316.6 

?               0 
!            397 

>           574 
0 

397 
0 

75957 
75953 
75952 
75953 
75952 
75952 

5     7 
3     5 
1     3 
5     5 
3     3 
5     3 

0.96 
0.69 
0.45 
0.24 
0.38 
0.027 

0.035 
).030 
D.036 
10063 
3.010 
t.2 >< 10« 

0.76 
0.39 
0.16 
0.14 
0.13 
0.0091 

-0.76 
-1.05 
-1.44 
-1.50 
— 1 52 
-2.68 

D 
D 
D 
D 
D 
E 

l,'s 
Us 

1 
Us 
\.ls 
Us 

1    . y~3p:'(«S°)5js   ; p_.tSo 
(6 uv) 

1405.3 /96 71353 9     3 16             ( 1.016 0.65 -0.84 D 1 
1401.54 
1409.3? 
1412.9C 

0 
397 
574 

71353 
71353 
71353| 

5     3 
3     3 
1      3 

0.91            ( 
0.50           ( 
0.16           { 

1.016 
).015 
1.014 

0.37 
0.21 
0.065 

-1.10 
-1.35 
-1.85 

D 
D 
D 

1 
1 
1 
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s I.    Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! X(Ä) Eticm'1) £A-icnr') ft Hi- •M10» 
sec-1) 

h .S'lat.u.) 1<>S ä/' Accu- 
racy 

Source 

22 3p<-3p-YS°)65 3p_3§0 

1303.42 0 76721 5 3 1.9 0.029 0.62 -0.84 D 1 

23 3p33</- 
3p3('S°)4/" 

*D°-5F 
(19) 

11464 67885 [76653] 25 35 0.18 0.50 470 1.10 E cu 

11453 67878 76653 9 11 0.18 0.44 150 0.60 E h 
11472 67890 76653 7 9 0,15 0.39 100 0.43 E Is 

[11406] 
[11403] 

67888 76653 5 7 0.13 0.35 65 0.24 E 1. 
67886 76653 3 5 0.10 0.34 38 0.01 E L 

11464 67885 76653 1 3 0.085 0.50 19 -0.30 E L 
11453 67878 76653 9 9 0.031 0.060 20 -0.27 E L 
11472 67890 76653 7 7 0.055 0.11 29 -0.12 E Is 

[114061 
[11403] 

67888 76653 5 5 0.074 0.14 27 -0.14 E l. 
67886 76653 3 3 0.087 0.17 19 -0.30 E 1. 

11453 67878 76653 9 7   0.0026 0.0040 1.4 -1.44 E 1. 
11472 67890 76653 7 5 0 0073 0.010 2.7 -1.14 E 1. 

[11406] 67888 76653' 5 3 0.012 0.014 2.7 -1.14 E L 

24 3p33d- 
3/>3(<S0)5/- 

sD°-5F 
(21) 

8880.1 67885 79143 25 35 0.10 0.17 120 0.63 E c 

8874.53 67878 79143 9 11 0.10 0.15 39 0.13 E I 
8884.23 67890 79143 7 9 0.083 0.13 26 -0.05 E 1 
8882.47 67888 79143 5 7 0.069 0.11 17 -0.25 E 1 
8880.70 67886 79143 3 5 0.056 0.11 9.7 -0.48 E 1 

[8880.1] 67885 79143 1 3 0.047 0.17 4.8 -0.78 E 1 
8874.53 67878 79143 9 9 0.017 0.020 5.2 -0.75 E 1 
8884.23 67890 79143 7 7 0.030 0.035 7.3 -0.60 E 1 
8882.47 67888 79143 5 5 0.040 0.047 6.9 - 0.63 E 1 
8880.70 67886 79143 3 3 0.047 0.055 4.8 -0.78 E 1 
8874.53 67878 79143 9 7 0.0014 0.0013 0.35 -1.93 E 1 
8884.23 67890 79143 7 5 0.0040 0.0034 0.69 -1.63 E 1 
8882.47 67888 79143 5 3 0.0067 0.0047 0.69 -1.63 E 1 

25 3^345- 
SpMS^p 

»S°-5P 
(1) 

9223.4 52624 63463 5 15 0.29 1.1 170 0.74 D + 3; 

9212.91 52624 63475 5 7 0.30 0.53 80 0.42 D + 3; 
9228.11 52624 63457 5 5 0.28 0.36 55 0.26 D + 3/ 
9237.49 52624 63446 5 3 0.28 0.22 33 0.04 D + 3; 

26 3S°-3P 
(3) 

10456 55331 64892 3 9 0.22 1.1 110 0.52 D + 3i 

10455.5 55331 64893 3 c 0 22 0.6C 62 0.26 D + 1 
10459.5 55331 64889 3 3 0.22 0.36 37 0.03 D + 1 
10456.8 55331 64892 3 1 0.22 0.12 12 -0.44 D + 1 

27 3p34s- 
3pf<S°)5p 

5S°-5P 
(2) 

4695.1 52624 73917 5 15 0.0074 0.0074 0.57 -1.43 D + 3» 

4694.13 52624 73921 5 7 0.0076 0.0035 0.27 -1.76 D + / 
4695.45 52624 73915 5 5 0.0074 0.0025 0.19 -1.90 D + /' 
4696.25 52624 73912 5 3 0.0072 0.0014 0.11 -2.15 D / 

28 3S*_3p 
(4) 

5278.7 55331 74270 3 9 0.0038 0.0048 0.25 -1.94 D + 3i 

5278.99 55331 74269 3 5 0.0038 0.0026 0.14 -2.10 D + / 
5278.70 55331 74270 3 3 0.0038 0.0016 0.083 -2.32 D + / 
5278.10 55331 74272 3 1 0.0038 5.3 X 10-' 0.028 -2 80 D 1 

29 3p34p — 
3p3(«S°)4</ 

5P-»D° 
(6) 

8684.2 63463 74975 15 25 0.12 0.22 93 0.52 D + Ai 

8694.70 63475 74973 7 9 0.11 0.16 33 0.05 Df 1 
8680.47 63457 74974 5 7 0.075 0.12 17 - 0.23 D + 1 
8671.37 63446 74975 3 5 0.040 0.076 6.5 -0.64 D 1. 
8693.98 63475 74974 7 7 0.038 0.043 8.7 -0.52 D 1 
8679.70 63457 74975 5 5 0.0*3 0.077 11 -0.41 D + 1 
8670.65 63446 74976 3 3 0.087 0.098 8.4 0.53 D 1 
8693.24 63475 74975 7 5 0.0074 0.0060 1.2 -1.38 D- 1 
8679.00 63457 74976 5 3 0.029 0.020 2.8 -1.00 D- 1 
8670.19 63446 74977 3 ! 0.12 0.043 3.7 - 0.89 D- 1 
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g • I.    Allowed Transitions—Continued 

No. Transition 
Array 

Multiplet X(Ä) £;(cnr') £*(cm-') Pi Hi: AkAW 
sec-1) 

jik ■S(at.u.) l<»g «/' Accu- 
racy 

Source 

30 :>P_1D° 
(13) 

9036.7 64892 75955 9 15 0.029 0.059 16 -0.27 D ca 

9035.92 64893 75957 5 7 0.029 0.049 7.3 -0.61 D Is 
9036.32 64889 75953 3 5 0.022 0.044 3.9 -0.88 D Is 
9038.72 64892 75952 1 3 0.016 0.059 1.7 -1.23 D-- Is 
9039.27 64893 75953 5 5 0.0072 0.0088 1.3 -1.36 D- Is 
9036.73 64889 75952 3 3 0.012 0.015 1.3 -1.36 D- Is 

[9039.5] 64893 75952 5 3 8.0 X104 5.9 xlO-4 0.087 -2.53 E Is 

31 ,1|J_5po 

(8) 
6751.2 63463 78271 15 25 0.079 0.090 30 0.13 D + 3n 

6757.16 63475 78271 7 9 0.080 0.070 11 -0.31 D + Is 
6748.79 63457 78271 5 7 0.053 0.050 5.6 -0.60 D + Is 
6743.58 63446 78271 3 5 0.028 0.032 2.1 -1.02 D Is 
6757.16 63475 78271 7 7 0.026 0.018 2.8 -0.90 D Is 
6748.79 63457 78271 5 5 0.046 0.032 3.5 -0.80 D Is 
6743.58 63446 78271 3 3 0.059 0.041 2.7 -0.92 D Is 
6757.16 63475 78271 7 5 0.0053 0.0026 0.40 -1.75 E Is 
6748.79 63457 78271 5 3 0.020 0.0081 0.90 -1.39 E Is 
6743.58 63446 78271 3 1 0.079 0.018 1.2 -1.27 D- Is 

32 V4/>- 
3/>:,CS°>6s 

sp_5S° 
(7) 

7689.6 63463 76464 15 5 0,061 0.018 6.8 -0.57 D ca 

76%. 73 63475 76464 7 5 0.028 0.018 3.1 -0.91 D h 
7686.13 63457 76464 5 5 0.020 0.018 2.2 -1.06 D Is 
7679.60 63446 76464 3 5 0.012 0.018 1.3 -1.28 D Is 

33 
(14) 

8451.6 64892 76721 9 3 0.050 0.018 4.5 - 0.79 D ca 

8452.14 64893 76721 5 3 0.028 0.018 2.5 -1.04 D Is 
8449.54 64889 76721 3 3 0.017 0.018 1.5 -1.26 D Is 
8451.55 64892 76721 1 3 0.0057 0.018 0.51 -1.74 D- Is 

34 Sifitp- 
3/)''(4S )7s 

5P->S° 
(9) 

6410.5 63463 79058 15 5 0.029 0.0059 1.9 -1.05 D ca 

6415.50 63475 79058 7 5 0.C13 0 0059 0.87 -1.39 D Is 
6408.13 63457 79058 5 5 0.0095 0.00S9 0.62 -1.53 D Is 
6403.58 63446 79058 3 r .) 0.0057 0.0059 0.37 -1.75 D- Is 

Si 

Forbidden Transitions 

The adopted values have been derived from Naqvi [1], and Czyzak and Krueger [2]. Since their 
methods are essentially alike, Naqvi's and Czyzak and Krueger's magnetic dipole transitions have 
normally been averaged, except for the 3P—'S transition where configuration interaction is im- 
portant. In this case Czyzak and Krueger's empirically derived value has been preferred over 
Naqvi's, which is based purely on theory (see also General Introduction). McConkey, Burns, Moran, 
and Kernahan [3] have measured the relative intensities of the 'Da-'So and the 3Pi-'So lines 
obtaining a ratio of 5.1 ±0.7 in perfect agreement with Czyzak and Krueger's theoretical ratio of 
5.09. 

References 

[11 Naqvi. A. M.. Thrsis Harvard (1951). 
|2) Czyzak. S. J. & Krueiier. T. K.. Mnnlhly Notice» Roy. Astron. Soc. 126, i77-194 (1%3). 
|3j McConkt-y.J. W.. Burns, D. J.. Morun. K. A. ami K.rnahan. J. A.. Nalmr 217, 538-539 (1968). 
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Si.    Forbidden Transitions 

No. 
Transition 

Array Multiple! X(A) /•„'/(cm ') Ek(rm ') Hi £*■ 

i'yp«- i>l' 
Transi- 

tion 
•f^lsec M 

1 3p«-3p* »P_3P 
125.239 X |04] 
[25.239 X |(H] 
[17.427 x HH] 
[56.30^ X 10*X 

().(0 
0 JO 
<;.oo 

396.11 

396.11 
396.11 
573.66 
573.66 

5 
5 
5 
3 

3 
3 
1 
1 

e 
m 
e 

m 

8.4 x 10-" 
0.00140 
7.1X10 -» 
3.02 x 10-» 

2 3P~'D 
(IF) 

'0819.8 
10819.8 
11305.8 
11305.8 
11540.1 

0.(KI 
0.00 

396.11 
396.11 
573.66 

9238.52 
9238 52 
9238.52 
9238.52 
9238.52 

5 
5 
3 
3 
1 

5 
5 
;; 
5 
5 

r 
m 
e 

m 
e 

2.1 x |0- 
0.0275 
2.5X10-» 
0.0080 
5.0 X 10 ■« 

3 3P-'S 
(2F) 

4506.'/ 
4589.26 

0.00 
396 11 

22180.0 
22180.0 

5 
3 

1 e 
m 

0.0073 
0.35 

4 'D-'S 
(3F) 

1 
i 

772 .04 
1 

9238.52 22180.0 5 1 e 1.78 

Mat.ii.) 

15.4 
2.50 
6.8 
2.00 

0.094 
0.0065 
0.014 
0.00215 
0.0030 

0.0081 
O.OOI25 

29.1 

Accu- 
racy 

C 
A 
C 
A 

I) 
C 
D 
C 
I) 

I) 
c 

Source 

2 
1.2 

2 
1.2 

2 

SII 

Ground State 

Ionization Potential 

Ailowed Transitions 
List of tabulate«1 lines: 

IS
3
2.'T2/I».V

,
V

,
'
,
S;J« 

23.4 eV= I88824.Ö cm ' 

Wavelength |A| N... Wavelength [ \| N». Wavelength [ 

1124.39 3 3860.64 22 4153.10 
1125.00 3 3892.32 22 4162.70 
1131.05 3 3923.48 23 4165.11 
1131.65 3 3933.29 23 4168.41 
1234.14 2 3939.49 20 4174.04 

1250.50 1       1 3946.98 20 4180.7 
1253.79 1       j 3950.42 20 4189.71 
1259.53 1 3963.13 20 4189.71 
3317.70 18 3970.69 20 4213.5 
3547.9 24      j 3971.2 20 4217.23 

3567.17 24       j 3979.86 25 4249.92 
3616.92 24      j 3990.94 20 4255.01 
3639.1 24       ! 3998.79 25 4257.42 
3783.16 29 4003.89 20 4259.18 
3792.46 22      I 4009.39 23 4267.80 

3802.65 22 4028.79 20 4269.76 
3309.67 22 4032.81 25 4278.54 
3821.0 22 4050,11 20 4282.63 
3850.93 22 4142.29 19 4291.45 
3860.15 29 4145.10 19 4294.43 

M No. 

19 
19 
26 
19 
26 

26 
26 
19 
19 
19 

27 
1« 
27 
27 
21 

21 
21 
21 
21 
2! 

138 

[ 



List of tabulated lines — Continued 
— 

Wavelength |A] No. Wavelength [ÄJ No. 
I 

Wavdengtn |A] No. 

4318.69 21  j 4901.30 

I 

31  | 5509.67 8 
«33.84 21 4908.5 10 5518.74 34 
4342.84 30 4917.15 i4 5526.22 5 
4391.84 30 4924.08 9  ! 5536.77 5 
4402.86 30  i 4925.32 9 5556.01 8 

4432.41 30 4942.47 9 5559.06 34 
4456.43 30 4991.94 9 5564.94 8 
4463.58 30  ! 5006.71 33 5573.85 5 
4483.42 30  j 5009.54 9  1 5606.11 5 
4486.66 30 5014.03 14 

I 
5616.63 5 

4524.68 17 5027.19 
i 

4 5639.96 13 
4524.95 17 5032.41 9 ! 5645.62 8 
4552.38 17  i 5047.28 14 5646.98 U 
4656.74 11 5103.30 9 5659.95 5 
4681.32 10 5126.13 33 5664.73 5 

4700.21 32 5)42.33 4 5819.22 13 
4716.23 11 5198.89 33 6305.51 6 
4729.45 31 5201.00 16 6312.68 7 
4742.4 10 5201.32 16 7885.26 28 
4779.11 10 5212.6 16 7967.43 12 

4792.02 31   1 5212.61 16 8005.24 28 
4804.12 10 5320.70 15 8018.70 28 
4815.52 11 5345.67 15 8093.25 28 
4819.60 31 5345.7 15  | 8133.02 28 
4819.60 32 5362.69 34 8222.15 28 

1824.07 32 5400.67 34 8223.16 28 
4835.85 31 5428.64 8 8233.30 28 
4883.73 31 5432 77 8 8314.73 12 
4885.63 14 545".81 8 
4900.47 31 5473.59 8   i 

Müller [1] has measured the /-values for three multiple!* in the vacuum uv portion of this 

spectrum using a wall-stabilized are. His absolute values have been renormalized to the scale 

provided by the lifetime determinations of Savage and Lawr ? [5J employing the phase shift 
technique. 

In the visible region. Bridges and Wiese [2] have carried out a wall-stabilized arc experiment 

for several lines, while Miller [3] has performed measurements with a conventional shock tube. 

(iarfJang [4] has calculated relative line strengths in intermediate coupling for all possible transi- 

tions in the 4.s—4/> array. The experimental approaches, which do not provide very accurate 

absolute values, are slightly renormalized to the scale obtained from the Coulomb approximation 

for (lie prominent 4s 4P5,s — 4/< 4D?2 line (A5454). The relative values of all three nittHods are in 

good agreement and. where available, the normalized results are averaged (an exception is the 

•h*\' — 4/i 'S° multiple!: here the two experiments agree, but deviate strongly from theory: it seems 

likely that the classification is here erroneous). 

The Coulomb approximation is employed for many other transitions in this ion: it should be 

pointed out. however, that these values may have large uncertainties due to significant departures 

from IS coupling. The departures will affect the weaker lines within these multiplets more strongly. 

Kef erences 

|l| Müller. 1).. Z. Naturforscli. 23a, 1707-1716 (1968). 
|21 Bri.icr*. J. M.. and ttiese, W. I... I'hys   Key. 159. 31-38 ll%7). 
|3| Mil'.r. M. 11.. Thesis Maryland 119681 ami to be published. 

|4| Uirstaiiji. H. II.. Monthly Notices Roy.   \slmii. Soc.  114. 118-133 (1954). 
|5| Savi,ue. B. I)., ami Lawrence. C. M„ Astrophys. J. 146, 940-943 (19661. 
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S11.   Allowed Transitions 

No. Transition Multiplet X(A) Eiivm-') rUtetrr1) £'/ tik hi\ 10" A .S'lut.u.) WKI Accu- Source 
Array sec M 

-0.95 

racy | 

<: 1 34*3^ -3s3p« 4S
0_4F 1256.1 0 79612 4 12 0.39 0.028 0.46 In 
(1 uv) 

1259.53 0 79395 4 6 0.34 0.012 0.20 -1.32 <: In 
1253.79 0 79758 I 4 0.42 0.010 0.17 -1.40 <: In 
1250.50 0 79968 4 2 0.46 0.0054 0.089 -1.67 <: In 

2 
spo_-,p 

(7uv) 
1234.14 24573 105599 4 4 0.048 0.00! 1 0.018 -2,36 1)4 '" 

3 3/r1-3/>-(,,P)45 opo_2p 

(8uv) 
1127.0 24557 111286 6 6 4.0 0.076 1.7 -0.34 1) In 

1125.00 24573 113461 4 4 3.1 0.059 0.87 -0.63 I) In 
1131.05 24524 112937 2 2 2.7 0.051 0.38 -0.99 I) In 
1131.65 24573 112937 4 2 1.1 0.011 0.16 -1.36 I) In 
1124.39 24524 113461 2 4 0.84 0.032 0.24 -!.I9 1) In 

4 3s3p^- 
3s-3/>24/t 

2p_2So 

(1) 
5027.19 105599 125485 4 2 0.26 0.048 3.2 -0.72 l) + 2n. 3n 
5142.33 106044 125485 •> 

£ 2 0.19 0.074 2 5 -0.83 1) \n 

5 3p'J3d- 
3p2(:,P)4p 

'F-JD° 
(11) 

I                                   j 
1                                                                     i 

5606.11 110766 128599 10 8 0.3tf 0.11 21 0.04 [)+ 2n. 3n 
5659.95 110313 127976 6 4 0.34 0.11 12 -0.18 D+ 2/t.3;t 
5664.73 110177 127825 1 2 0.38 0.091 6.8 -0.44 I>+!2n.3n               1 
5526.22 110508 128599 8 8 0.081 0.037 5.4 -0.53 1) 3n 
5578.85 110313 128233 6 6 0.074 0.034 3.8 -0.69 1) 3/t 
5616.63 110177 127976 4 4 0.083 0.039 2.9 -0.81 I) 3/t 
5536.77 110177 128233 4 6 0.066 0.045 3.3 -0.71 I) 3/t 

6 »D-4P° 
(19) 

6305.51 114279 130134 8 6 0.18 0.078 13 -0.20 I)     |       2n 

7 
(26) 

: 

i 

6312.68 114804 130641 6 4 0.20 0.080 10 -0.32 I)             In 

8 3p-4s- 
3p-T'P>4p 

*P-'D° 
(6) 

5468.,i I1Ü005 128287 12 20 0.81 0.60 130 0.86 1)4 2». 
3/t. In 

5453.81 110268 128599 6 8 0.78 0.46 50 0.44 1)4 2«. 
3n. In 

5432.77 109831 1282.'' 4 6 0.61 0.11 29 0.2! IM 2«. 
3ft.4n 

5428.64 109561 127976 2 4 0.38 0.34 12 -0.17 1) f 2». 
3n. In                 < 

5564.94 110268 128233 6 6 0.16 0.076 8.3 -0.34 1)4 2/t. 
3/i.4fi 

5509.67 109831 127976 4 4 0.39 0.18 13 -0.11 1)4 2 ft, 
3/i. In 

2/t. 5473.59 1095t) 1 127825 2 2 0.74 0.33 12 -0.18 1)4 
3/t. 4/i 

5645.62 110268 127976 6 4 0.018 0.0056 0.63 -1.47 1) 4/t 
5556.01 109831 127825 4 2 0.15 0.036 2.6 - 0.84 I) 3/1.4/1 

9 4p_4po 

(7) 
som.9 /10005 129984 12 12 0.89 0.33 6ft 0.60 1) 2/t. 

3/i.4fi 
5032.41 110268 130134 6 ft 0.66 0.25 25 0.18 1)4 2». 

3/t. 4/t 
4991.94 109831 129858 4 4 11.15 0.056 3.7 -0.65 1) 3/t. 4n 
4942.47 109561 129788 2 2 0.15 0.055 1.8 -0.96 1) 3/t. 4n 
5103.30 110268 129858 6 4 0.50 0.13 13 -0.11 1) 3/t. 4/t 
5009.54 109831 129788 4 2 0.70 0.13 8.7 -0.28 1) 3/t. In 
4924.08 109831 130134 4 6 0 22 0.12 7.7 -0.32 1) 3/t. In 
4925 32 109561 129858 2 4 0.21 0.17 5.6 -0.47 i) 3«. In 
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SII.   Allowed Transitions — Continued 

\o Transition Multiple! Al A) Eiicm "'I Ej-U-nr') Hi ft 'Ail 10» h .S'lat.u.) l»U «/ Ai'cu- Source 
Array 

i 
10 

  
sec~') racy 

4p_,-1)0 

i (8) 
4779.11 110268 131187 6 6 0.01» 0.0037 0.35 -1.65 I) 4/i 
4804.12 109831 130641 4 4 5.9 x 10 < 2.1X10"* 0.013 -3.09 D 4n 

i 

4681.32 109831 131187 4 6 0.0030 0,0015 0.091 -2.23 D \n 
4742.4 109561 130641 2 4 0.0012 8.3 X 10< 0.026 -2.78 D 4n 

[4908.5] 110268 130641 6 4 0.0031 7.4 XI0-' 0.072 -2.35 D 4« 

11 4P_4So 

(9) 
475.5./ 111)005 131029 12 4 0.99 0.11 21 0.12 D + 2«. 3/i 

4815.52 110268 131029 6 4 | 0.64 0.15 14 -0.05 D + 2/i.3n 
4716.23 109831 131029 4 4    0.23 0.076 4.7 -0.52 D + 2n. 3/i 
4656.74 109561 131029 2 4 0.12 0.078 2.4 -0.81 D 3/i 

12 2p_2S0 

(12) 
8195.1 11328b 125485 6 2 0.24 0.080 13 -0.32 D 4n 

8314.73 113461 125485 4 2 0.16 0.085 9.3 -0.47 D 4/i 
7967.43 112937 125485 2 2 0.080 0.076 4.0 -0.82 D 4« 

1             13 -P-W 
(14) 

565.16 113286 130969 6 10 0.75 0.60 67 0.56 D 2n. 
3/i, 4/i 

5639.96 113461 131187 4 6 0.75 0.54 40 0.33 D 4/i 
5646.98 112937 130641 2 4 0.68 0.65 24 0.11 D 4/, 
5819.22 113461 130641 4 4 0.085 0.043 3.3 -0.76 D + 2/i. 

3/i. 4/i 
14 T-aP° 

(15) 
4m 1.2 113286 133356 6 6 0.85 0.32 31 0.28 Ü 3n. 4/i 

5014.03 113461 133400 4 4 0.72 0.27 18 0.03 D 3/1. 4/i 
4917.15 112937 133269 2 2 0.55 0.20 6.4 -0.40 D 3/i. 4/i 
5047.28 113461 133269 4 2 0.32 0.060 4.0 -0.62 D 4/i 

4885.63 112937 133400 2 4 0.13 0.090 2.9 -0.74 I) 4/i 

15 3/i24s'- 
V(SP)4</ 

2D_*p 

(381 
5331.3 121529 140281 10 14 0.85 0.51 89 0.71 D + 2/i. 

3". 4/i 
5320.70 121529 140319 6 8     0.84 0.48 50 0.46 D + 2/i. 

3/1. 4« 
5345.67 121528 140230 4 6 0.75 0.48 34 0.28 D + 2/i. 

) 3/1. 4/i 
[5345.7] 121529 140230 6 6 0.11 0.045 4.8 -0.57 D + 2«. 

3/1. 4/i 

16 
(39) 

5208.0 121529 140725 10 10 0.79 0.32 55 0.51 D 3/1. 4/i 

5212.61 121529 140709 6 6 0.72 0.29 30 0.24 D 3/i. 4/i 
5201.00 121528 140750 4 4 0.68 0.28 19 0.05 D 3/1, 4/i 
5201.32 121529 140750 6 4 0.065 0.018 1.8 -0.97 D 3/1. 4/i 

[5212.6] 121528 140709 4 6 0.098 0.060 4.1 -0.62 D 3n. 4/i 

17 .[)_2r 

(40) 
4534.1 121529 143578 10 6 1.2 0.21 32 0.32 D 3/1. 4/i 

4524.95 121529 143623 6 4 0.98 0.20 18 0.08 D 3n, 4/i 
4552.38 121528 143489 4 2 1.3 0.20 12 -0.10 D 4/i 
4524.68 121528 143623 4 4 0.093 0.029 1.7 -0.94 D 3/1, 4/i 

18 3/>-4/> - 
3,i*C'P)4(/ 

2So_2|> 

(42) 
3317.70 125485 [155618] 2 2 1.3 0.21 4.7 -0.37 E ca. Is 

19 4|)°_1K 

(44) 
4159.6 128287 152321 20 28 2.3 0.84 230 1.23 D- ca 

4162.70 128599 152615 8 10 2.3 0.76 83 0.78 D- Is 
4153.10 128233 152305 6 8 2.0 0.70 57 0.62 D- Is 
4145.10 127976 152094 4 6 1.8 0.69 38 0.44 Ü- Is 
4142.29 127825 151959 2 4 1.7 0.86 24 0.24 D- Is 
4217.23 128599 152305 8 8 0.33 0.088 9.8 -0.15 E Is 
4189.71 128233 152094 6 6 0.57 0.15 12 -0.04 E Is 
4168.41 127976 151959 4 4 0.66 0.17 9.5 -0.16 E Is 

1 4255.01 128599 152094 8 6 0.022 0.0045 0.50 -1.45 E Is 
4213.5 128233 151959 6 X 0.047 0.0083 0.69 - 1.30 E Is 
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SII.   Allowed Trai.>.itions--Con//«ut,(/ 

No. Transition Mulliplcl MM r'lU-nr1) /■.'tlr'ir't (*! 

._ f 

ml   -/«MO» u ■S'Ul.u.) l"K«/ Accu- Source 
Array sec1) rate 

20 «D°-4D 
(45) 

:ma.8 128287 153306 20 20 0.60 0.14 38 0.46 [)- lit 

4028.79 128599 153414 8 8 0.51 0.12 13 - O.(K) D- Is 
3990.94 128233 153283 6 6 0.35 0.083 6.6 - 0.30 E Is 
3963.13 127976 153202 4 4 0.24 0.058 3.0 - 0.64 F. Is 
3946.98 127825 153154 2 2 0.31 0.072 1.9 -0.84 E Is 
4050.11 128599 153283 8 6 0.11 0.021 2.2 -0.78 E Is 
4003.89 128233 153202 6 4 0.21 0.034 2.7 -0.69 E Is 
3970.69 127976 153154 4 2 0.31 0.036 i.9 -0.84 E Is 
T3971.2] 128233 153414 6 8 0.087 0.027 2.1 -0.79 E Is 
3950.42 127976 153283 4 6 0.14 0.050 2.6 -0.70 E Is 
3"39.49 127825 153202 2 4 0.15 0.072 1.9 -0.84 E Is 

21 
(49) 

4286.6 129984 153306 12 20 1.7 0.77 130 0.96 D- rn 

4294.43 130134 153414 6 1.7 0.61 52 0.56 D- Is 
4267.80 129858 153283 4 6 1.2 0.48 27 0.28 E Is 
4269.76 129788 153202 2 4 0.70 0.38 11 -0.12 E Is 
4318.69 130134 153283 6 6 0.49 0.14 12 - 0.08 E Is 
4282.63 129858 153202 4 4 0.89 0.24 14 -0.01 E Is 
4278.54 129788 153154 2 2 1.4 0.38 11 -0.12 E Is 
4333.84 130134 153202 6 4 0.082 0.15 1.3 -1.03 E is 
4291.45 129ft58 153154 4 2 0.28 0.038 2.2 -0.81 E Is 

22 <p°_<p 

(50) 
3851.1 129984 155943 12 12 0.87 0.20 30 0.37 D- (It 

3892.32 130134 155818 6 6 0.63 0.14 11 - 0.06 D- Is 
[3821.0] 129R58 156029 4 4 0.12 0.026 1.3 - 0.98 E Is 
3792.46 129788 156148 2 2 0.15 0.032 0.80 -1.19 E Is 
3860.64 130134 156029 6 4 0.40 0.060 4.6 -0.44 E Is 
3802.65 129858 156148 4 2 0.71 0.080 4.0 - 0.49 E Is 
3850.93 129&58 155818 4 6 0.27 0.091 4.6 -0.44 E Is 
3809.67 129788 156029 2 4 0.38 0.16 4.1 - 0.49 E Is 

23 
(55) 

:mi.6 130969 156397 10 14 2.1 0.67 87 0.83 D- 1II 

3933.29 131187 156604 6 8 2.0 0.63 49 0.5? D- Is 
3923.48 130641 156121 4 6 2.0 0.68 35 0.44 E Is 
4009.39 131187 1.56121 6 6 0.14 0.034 2.7 -0.70 E Is 

24 äD°-2D 
(56) 

3596.9 130969 158763 10 10 0.38 0.074 8.8 -0.13 I)- III 

3616.92 131187 158827 6 6 0.36 0.070 5.0 -0.38 I)- Is 
3567.17 130641 158666 4 4 0.35 0.067 3.1 - 0.57 D- Is 
[3639.1] 131187 158666 6 4 0.039 0.0052 0.37 -1.51 E Is 
[3547.9] 130641 158827 4 6 0.025 0.0071 0.33 - 1,55 E Is 

25 <S°-<P 
(59) 

4012.7 131029 155943 4 12 1.2 0.85 45 0.53 [)- III 

4032.81 131029 155818 4 6 1.2 0.43 23 0.24 [)- Is 
3998.79 131029 156029 4 4 1.2 0.28 15 0.05 E Is 
3979.86 131029 156148 4 2 1.2 0.14 7.2 -0.26 E Is 

26 3p24p' - 2p°_2p 

(64) 
4179.1 140281 164203 14 14 0.79 0.21 40 0.46 D- ca 

4189.71 140319 164181 8 8 0.74 0.20 22 0.19 [)- Is 
4165.11 140230 164232 6 6 0.74 0.19 16 0.06 D- Is 
4180.7 140319 164232 8 6 0.037 0.0072 0.79 -1.24 E Is 
4174.04 140230 164181 6 8 0.028 0.0096 0.79 -1.24 E Is 

27 2D°_2F 
(66) 

4258.1 140725 164203 10 14 1.5 0.57 80 0.76 D- rtt 

4259.18 140709 164181 6 8 1.5 0.55 46 0.52 D- Is 
4257.42 140750 164232 4 6 1.4 0.57 32 0.36 E Is 
4249.92 140709 164232 6 6 0.10 0.027 2.3 -0.79 E Is 
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S II. Allowed Transitions- -Continued 

No. Transition Multiple-: Al A) A'i(ciir') £*(<m-') Mi Hk 4*ill0" 

■ 
  

.S'lat.u.) l«'g«/" Accu- Source 
Array sec1) racy 

28 3/>24</- 
(68) 

8204.6 152321 164506 28 20 0.14 0.10 77 0.46 D- ca 

8223.16 152615 164773 10 8 0.12 0.098 27 -0.01 D- Is 
8233.30 152305 164447 8 6 0.12 0.089 19 -0.15 E Is 
8223.16 152094 164252 6 4 0.12 0.080 13 -0.32 E Is 
8222.15 151959 164119 4 2 0.15 0.076 8.3 -0.51 E Is 
8018.70 152305 164773 8 8 0.013 0.013 2.7 -0.99 E Is 
8093.25 152094 164447 6 6 0.024 0.024 3.8 -0.84 E Is 
8133.02 151959 164252 4 4 0.029 0.029 3.1 -0.94 E Is 
7885.26 152094 164773 6 8 6.4X10-« 8.0 X 10-* 0.12 -2.32 E Is 
8005.24 151959 164447 4 6: 0.0013 0.0019 0.20 -2.12 E Is 

29 3/Mp- 
3p*(3P)5« 

2So_2p 

(41) 
3808.4 125485 151735 2 6 0.15 0.10 2.5 -0.70 D- ca 

3783.16 125485 151911 o 
i. 4 0.15 0.064 1.6 -0.89 D- Is 

3860.15 125485 151384 2 2 0.16 0.036 0.92 -1.14 E Is 

30 4D°-4P 
(43) 

4456.9 128287 150718 20 12 0.76 0.14 40 0.48 D 3n,ca 

4463.58 12a599 1509% 8 6 0.53 0.12 14 -0.02 D 3« 
4483.42 128233 150531 6 4 0.31 0.062 5.5 -0.43 D 3n 
4486.66 127976 150258 4 2 0.66 0.10 5.9 -0.40 D 3n 
4391.84 128233 150996 6 6 0.16 0.046 4.0 -0.56 E ca. Is 
4432.41 127976 150531 4 4 0.29 0.087 5.1 -0.46 E ca. Is 
4456.43 127825 150258 2 2 0.47 0.14 4.1 -0.56 E ca. Is 
4342.84 127976 1509% 4 6 0.018 0.0075 0.43 -1.52 E ca. Is 
4402.86 127825 150531 2 4 0.046 0.027 0.77 -1.27 E ca. Is 

31 jp°_-tp 
(46) 

4821.6 129984 150718 12 12 0.54 0.19 36 0.36 D- ca 

4792.02 130134 1509% 6 6 0.37 0.13 12 -0.12 D- Is 
4835.85 129858 150531 4 4 0.072 0.025 1.6 -0.99 E Is 
4883.73 129788 150258 2 2 0.091 0.032 1.0 -1.19 E Is 
4901.30 130134 150531 6 4 0.24 0.058 5.6 -0.46 E Is 
4900.47 129858 150258 4 2 0.45 0.081 5.3 -0.49 E Is 
4729.45 129858 1509% 4 6 0.16 0.080 5.0 -0.49 E Is 
4819.60 129788 150531 2 4 0.23 0.16 5.0 -0.50 E Is 

32 ,Do_2p 

(52) 
4814.2 130969 151735 10 6 0.85 0.18 28 0.25 D- ca 

4824.07 131187 151911 6 4 0.76 0.18 17 0.02 D- Is 
4819.60 130641 151384 4 2 0.86 0.15 9.5 -0.22 E Is 
4700.21 130641 151911 4 4 0.084 0.028 1.7 -0.95 r Is 

33 4go_4p 

^ (57) 
5077.6 131029 150718 4 12 0.18 0.21 14 -0.08 D- ca 

5006.71 131029 1509% 4 6 0.17 0.098 6.5 -0.41 D- Is 
5126.13 131029 150531 4 4 0.18 0.069 4.7 -0.56 E Is 
5198.89 131029 150258 4 2 0.18 0.036 2.4 -0.85 E Is 

34 2po_2p 

(61) 
5439.5 133356 151735 6 6 0.50 0.22 24 0.13 D- ca 

5400.67 133400 15191i 4 4 0.40 0.18 13 -0.15 D- Is 
5518.74 133269 151384 2 2 0.32 0.15 5.4 -0.53 E Is 
5559 06 133400 151384 4 2 0.16 0.037 2.7 -0.83 E Is 
5362.69 133269 151911 2 4 0.081 0.070 2.5 -0.86 E Is 
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Sii 

Forbidden Transitions 

All the values for this ion are taken from Czyzak and Krueger [1], since they have included the 
important effects of configuration interaction and have used self-consistent field wavefunctions with 
exchange to obtain their value of «,. (For a more complete discussion see General Introduction.) 

Reference 

[1] Czyzak. S. J., and Krueger, T. K., Monthly Notices Roy. Astron. Soc. 126, 177-194 (1963). 

Sii.    Forbidden Transitions 

Transition | Type of Accu- 
No. Array Multiplet MA) Ei(cm') £*(cm') #. gk Tran- 

sition 
Ak,(sec') S(at.u.) racy Source 

1 3^-3/^ «S0-2D° 
(2F) 

6716.42 0.0 14884.8 4 6 m 3.63 x 10s 2.45 x 10-" C 1 
6716.42 0.0 14884.8 4 6 e 4.3X10" 0.021 D 1 
6730.78 0.0 14853.0 4 4 m 1.56 x 10-' 7.1X10« C 1 
6730.78 0.0 14853.0 4 4 e 2.7X10-" 0.0090 D 1 

2 4go_jpo 

(IF) 
4068.60 0.0 24571.6 4 4 m 0.341 0.00341 C 1 
4068.60 0.0 24571.6 4 4 e 1.3 X 10-» 3.5 x 10-fi D 1 
4076.35 0.0 24524.9 4 2 m 0.134 6.7 X10-4 C 1 
4076.35 0.0 24524.9 4 2 e 1.4 X10-5 1.8 x10s D 1 

3 2Do_2Do 

[31.44 x10s] 14853.0 14884.8 4 6 m 3.47 x 10-7 2.40 B 1 
[31.44X10*] 14853.0 14884.8 4 6 e 1.5X10'« 0.17 D 1 

4 2D°_2p° 
(3F) 

10317.7 14884.8 24571.6 6 4 m 0.060 0.0098 C 1 
10317.7 14884.8 24571.6 6 4 e 0.154 42.9 C 1 
10336.0 14853.0 24524.9 4 2 m 0.067 0.0054 C 1 
10336.0 14853.0 24524.9 4 2 e 0.131 18.4 C 1 
10369.7 14884.8 24524.9 6 2 e 0.087 12.4 C 1 
10284.3 14853.0 24571.6 4 4 m 0.108 0.0174 C 1 
10284.3 14853.0 24571.6 4 4 e 0.067 18.2 C 1 

5 apo_2po 
[21.41x10s] 
[21.41 X 10s] 

24524.9 24571.6 2 4 m 9.14X10-7 1.33 C + 1 
24524.9 24571.6 2 4 e 8.9 X10-"> 0.096 D 1 
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S HI 

Ground State 

Ionisation Potential 

lj*2s*2p»3s*3p*»Po 

35.0 eV = 282752 cm-1 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

1190.17 
1194.02 
1194.40 
1200.97 
1201.71 

1 
1 
1 
1 
1 

2856.02 
2863.53 
2872.00 
2897.5 
2904.31 

10 
10 
10 
10 
10 

3750.74 
3752.9 
3778.90 
3831.85 
3837.80 

2 
2 
8 
8 
8 

1202.10 
2443.3 
2460.50 
2489.59 
2496.24 

1 
13 
* V» 

1) 
13 

2947.2 
2949.2 
2950.23 
2962.7 
2964.80 

10 
12 
12 
12 
12 

3838.32 
3860.64 
3899.09 
3900.0 
3920.37 

8 
8 
8 
6 
6 

2499.08 
2508.15 
2636.88 
2665.40 
2680.47 

13 
13 
14 
14 
14 

29a5.98 
2998.8 
3231.10 
3233.24 
3234.17 

12 
12 
4 
4 
4 

3928.62 
3961.55 
3983.77 
3985.97 
4253.59 

6 
6 
6 
6 
7 

2691.68 
2702.76 
2709.9 
2714.1 
2718.88 

14 
14 
11 
11 
11 

3324.01 
332*1.87 
3367.18 
3369.49 
3370.38 

s 
3 
3 
3 

4284.99 
4332.71 
4340.30 
4354.56 
4361.53 

7 
7 
7 
5 
7 

2721.40 
2726.82 
2731.10 
2741.01 
2756.89 

14 
15 
11 
11 
11 

3387.13 
3632.02 
3656.61 
3662.01 
3709.37 

3 
2 
9 
9 
2 

4364.73 
4418.84 
4439.87 
446783 
4478.48 

5 
7 
5 
5 
5 

2775.25 
2785.49 
2797.39 

11 
15 
15 

37)0.42 
3717.78 
3747.90 

2 
9 
2 

4499.29 
4527.96 

5 
5 

Varsavsky [1] has calculated a value for one multiplet of thiä ion using the screening-approxi- 
mation method; this number should be quite uncertain (probably too high, as judged from compari- 
sons in other ions), since the possibly important effects of configuration interaction have been 
neglected entirely. For numerous other transitions, including those involving shell-equivalent 
electrons, the Coulomb approximation has been employed in order to have data available for some 
of the more prominent lines in this spectrum. From the general success of this method and from 
comparisons with analogous transitions in other ions, uncertainties of 50 percent are normally 
expected; however, the uncertainties should be somewhat larger for those transitions involving 
shell-equivalent electrons. 

Reference 

[1J Varsavsky, C. M., Astrophys. J. Suppl. Sei. 6, No. 53, 75 (1961). 
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Sin .   Allowed Transitions 

No. Transition 
Array 

Multiple! \(A> £i(em-') EK(cm ') P>. fit Ak,(Waec->) fa S(at.u.) l«U (if Act'u 
racy 

Source 

1 3523pi-3s.Vl ap_iD° 1197.5 562 84066 9 15 17 0.62 22 0.75 E 1 
(1 uv) 

1200.97 833 84100 5 7 17 0.51 10 0.40 E Is 
1194.02 297 84046 3 5 13 0.46 5.4 0.14 E Is 
1190.17 0 84019 1 3 9.6 0.61 2.4 -0.21 E Is 
1201.71 833 84046 5 5 4.2 0.091 1.8 -0.34 E Is 
1194.40 297 84019 3 3 7.1 0.15 1.8 -0.34 E Is 
1202.10 833 84019 5 3 Ö.47 0.0061 0.12 -1.52 E Is 

2 3p3d- 
3/>(2P°)4p 

3p°_3J) 
(1) 

3680.7 143118 170279 9 15 0.010 0.0034 0.37 - 1.52 E cu 

3632.02 143124 170649 5 7 0.010 0.0029 0.17 -1.84 E Is 
3709.37 143116 170067 3 5 0.0075 0.0026 0.094 -2.11 E Is 
3/47.90 143096 169770 1 3 0.0054 0.0034 0.042 -2.47 E Is 
3710.42 143124 170067 5 5 0.0025 5.2 x lO"4 0.031 -2.59 E Is 
3750.74 143116 169770 3 3 0.0041 8.6X10-* 0.032 -2.59 E Is 

[3752.9] 143124 169770 5 3 2.7 xl0< 3.4 X 10-s 0.002! -3.77 E Is 

3 3po_.'ip 

(2) 
3346.2 143118 172994 9 0 0.32 0.053 5.3 -0.32 E C(l 

3324.87 143124 173192 5 5 0.24 0.039 2.2 -0.71 E Is 
3369.49 143116 172786 3 3 0.077 0.013 0.44 -1.41 E Is 
3370.38 143124 172786 5 3 0.13 0.013 0.73 -1.18 E Is 
3387.13 143116 172631 3 1 0.30 0.017 0 58 -1.28 E Is 
3324.01 143116 173192 3 5 0.079 0.022 0.72 -1.18 E Is 
3367.18 143096 172786 1 3 0.10 0.052 0.58 -1.28 E Is 

4 .ip=_3g 
(3) 

3233.4 143118 174036 9 3 1.3 0.070 6.7 -0.20 E C(l 

3234.17 143124 174036 5 3 0.75 0.070 3.7 -0.46 E Is 
3233.24 143116 174036 3 3 0.45 0.070 2.2 -0.68 E Is 
3231.10 143096 174036 1 3 0.15 0.070 0.75 -1.15 E Is 

5 •''D0-3D 
(7) 

4425.3 147688 170279 15 15 0.11 0.031 6.8 -0.33 E C(l 

4364.73 147745 170649 7 7 0.097 0.028 2.8 -0.71 E Is 
4467.83 147691 170067 5 5 0.072 0.021 1.6 -0.97 E Is 
4499.29 147550 169770 3 3 0.076 0.023 1.0 -1.16 E Is 
4478.48 147745 170067 7 5 0.016 0,0034 0.35 -1.62 E Is 
4527.% 147691 169770 5 3 0.025 0.0046 0.34 -1.64 E Is 
4354.56 147691 170649 5 7 0.012 0.0049 0.35 -1.61 E Is 
4439.87 147550 170067 3 5 0.016 0.0077 0.34 -1.63 E Is 

6 •iD°_ sp 
(8) 

3950.5 147688 172994 15 9 0.73 0.10 20 0.19 E Ctl 

3928.62 147745 173192 7 5 0.59 0.098 8.9 -0.16 E Is 
3983.77 147691 172786 5 3 0.51 0.073 4.8 -0.44 E Is 
3985.97 147550 172631 3 1 0.68 0.054 2.1 -0.79 E !s 
3920.37 147691 173192 5 5 0.11 0.025 1.6 -0.91 E Is 
3961.55 147550 172786 3 3 0.17 0.041 1.6 -0.91 E Is 

[3900.0] 147550 173192 3 5 0.0072 0.0027 1.1 -2.C9 E Is 

7 3/4s — 
3p(2P°)4p 

.1P°_:ID 
(4) 

4287.1 146960 170279 9 15 1.2 0.55 70 0.70 D ca 

4253.59 147146 170649 5 7 1.2 0.47 33 0.37 D Is 
4284.99 146737 170067 3 5 0.90 0.41 17 0.09 D Is 
4332.71 146696 169770 1 3 0.64 0.54 7.7 -0.27 D- Is 
4361.53 147146 170067 5 5 0.28 0.081 5.8 -0.39 D- Is 
4340.30 146737 169770 3 3 0.48 0.14 5.8 -0.39 D- Is 
4418.84 147146 169770 5 3 0.030 0.0053 0.39 -1.57 E Is 

8 .ip°_.ip 
(5) 

3840.0 146960 172994 9 9 1.7 0.38 43 0.53 D Ctl 

3838.32 147146 173192 5 5 1.3 0.28 18 0.14 D Is 
3837.80 146737 172786 . ;< ) 0 42 0.092 3.5 -0.56 D Is 
3899.09 147146 172786 5 3 0.67 0.092 5.9 -0.34 D Is 
3860.64 146737 172631 3 1 !.6 0.12 4.7 -0.44 D Is 
3778.90 146737 173192 3 5 0.44 0.16 5.8 -0.33 D Is 
3831.85 146696 172786 1 3 0.56 0.37 4.7 -0.43 D Is 
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Sill.    Allowed Transitions—Continued 

No. Transition 
Array 

1 
Multiple! A(A) EAcm-') E*(cm-') fit 

._ . 

ft .4*1(10" seer1) h S(at.u.) loKfi/" Accu- 
racy 

Source 

0 3po_sS 

(6) 
3692.,? 146960 174036 9 3 1.9 0.13 14 0.06 D ca 

3717.78 147146 174036 5 3 1.0 0.13 7.8 -0.20 D Is 
3662.01 146737 174036 3 3 0.64 0.13 4.6 -0.42 D Is 
3656.61 1466% 174036 1 3 0.21 0.13 1.5 -0.89 D- Is 

10 3/4p- 
WP°)4rf (15 uv) 

28657 170279 205164 15 21 5.7 0.99 140 1.17 D ca 

2863.53 170649 205561 7 9 57 0.90 59 0.80 D Is 
2856.02 170067 205071 5 7 5.1 0.87 41 0.64 D Is 
2872.00 169770 204579 3 5 4.7 0.97 28 0.46 D Is 
2904.31 170649 205071 7 7 0.61 0.077 5.2 -0.27 D- Is 

[2897.5] 170067 204579 5 5 0.86 0.86 5.1 -0.27 D- Is 
[2947.2] 170649 204579 7 5 0.024 0.0022 0.15 -1.81 E Is 

11 3D_:.Do 

(16 uv) 
2740.6 170279 206757 15 15 1.6 0.18 24 0.42 D ca 

2756.89 170649 206911 7 7 1.4 0.16 9.9 0.04 D Is 
2731.10 170067 206672 5 5 1.1 0.12 5.4 -0.22 D Is 
2718.88 169770 206539 3 3 1.2 0.13 3.5 -0.41 D Is 
2775.25 170649 206672 7 5 0.24 0.019 1.2 -0.87 D- Is 
2741.01 170067 206539 5 3 0.39 0.026 1.2 -0.88 D- Is 

[2714.1] 170067 206911 5 7 0.18 0.027 1.2 -0 87 D- Is 
[2709.9] 169770 206672 3 5 0.24 0.043 1.2 -0.88 D- Is 

12 ■ip_3D° 
04) 

2961.0 172994 206757 9 15 4.0 0.88 77 0.90 D ca 

(18 uv) 2964.80 173192 206911 5 7 4.0 0.74 36 0.57 D Is 
2950.23 172786 206672 3 5 3.0 0.66 19 0.30 D Is 

[2949.2] 172631 206539 1 3 2.2 0.88 8.5 -0.06 D- Is 
2985.98 173192 206672 5 5 0.99 0.13 6.5 -0.18 D- Is 

[2962.7] 172786 206539 3 3 1.7 0.22 6.4 -0.18 D- Is 
[2998.8] 173192 206539 5 3 0.11 0.0088 0.44 -1.36 E Is 

13 3/Ap- 
3p(*P°)5s 

»D—'P0 

(17 uv) 
2495.6 170279 210338 15 9 3.0 0.17 21 0.41 D ca 

2496.24 170649 210698 7 5 2.5 0.17 9.7 0.07 D Is 
2508.15 170067 209926 5 7 2.3 0.13 5.4 -0.18 D Is 
2499.08 169770 209773 3 1 3.1 0.097 2.4 -0.53 D- Is 
2460.50 170067 210698 5 5 0.45 0.041 1.7 -0.69 D- Is 
2439.59 169770 209926 3 3 0.77 0.072 1.8 -0.67 D- Is 

[2443.3] 169770 210698 3 5 0.030 0.0045 0.11 -1.87 E Is 

14 ■ip_.'P° 
(19 uv) 

2677.0 172994 210338 9 9 1.9 0.20 16 0.26 D ca 

2665.40 173192 210698 5 5 1.4 0.15 6.4 -0.14 D Is 
2691.68 172786 209926 3 3 0.46 0.050 1.3 -0.82 D Is 
2721.40 173192 209926 5 3 0.77 0.051 2.3 -0.59 D Is 
2702.76 172786 209773 3 1 1.9 0.068 1.8 -0.69 D Is 
2638.88 172786 210698 3 5 0.45 0.079 2.1 -0.63 D Is 
2680.47 17263! 209926 1 3 0.62 0.20 1.8 -0.70 D Is 

15 3C._:ip=> 

(20 uv) 
275.19 174036 210338 3 9 0.61 0.21 5.7 -0.20 D ca 

2726.82 174036 210098 3 5 0.60 0.11 3.0 -0.47 D Is 
2785.49 174036 209926 3 3 0.61 0.071 2.0 -0.67 D Is 
2797.39 174036 209773 3 1 0.63 0.024 0.66 -1.14 D- Is 
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S in 

Forbidden Transitions 

The adopted values have been derived from Naqvi [1], and Czyzak and Krueger [2]. Since 
their methods are essentially alike, Naqvi's and Czyzak and Krueger's magnetic dipole transitions 
have normally been averaged, except for the 3P—'S transition where configuration interaction is 
important. In this case Czyzak and Krueger's empirically derived value has been preferred over 
Naqvi's, which is based purely on theory (see also General Introduction). 

References 

[1] Naqvi, A. M., Thesis Harvard (1951). 
[2] Czyzak, S. J., and Krueger, T. K., Monthly Notices Roy. Astron. Soc. 126, !77-194 (1963). 

S III.   Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiple! x(A) frfcm"') £*(ctrr'i ft ft Tran- 

sition 
Aki(sec-1) S(at.u.) racy Source 

1 3P3-3P* 3p_ap 
33.638 x 10« 0.0 297.2 1 3 m 4.72 x 10-4 2.00 A 1 
12.009 xlO4 0.0 832.5 1 5 e 4 69 x 10-" 3.49 C 2 
18.676 X104 297.2 832.5 3 5 m 0.00207 2.50 A 1 

[18.676 X104 297.2 832.5 3 5 e 1.16X10-» 7.9 C 2 

2 SP-'D 
(IF) 

[8831.5] 0.0 11320 1 0 e 9.1 X 10-« 0.0014 D 2 
9069.4 297.2 11320 3 5 m 0.0248 0.00343 C 1.2 
9069.4 297.2 11320 3 5 e 6.1 XIO"5 0.011 D 2 
9532.1 832.5 11320 5 5 m 0.064 0.0103 C 1,2 
9532.1 832.5 11320 5 5 e 3.3 XIO"4 0.077 D 2 

3 3P-'S 
(2F) 

3721.8 297.2 27163 3 1 m 0.85 0.00162 C 2 
3796.7 832.5 27163 5 1 e 0.016 0.0077 D 2 

4 'D-'S 
(3F) 

6312.1 11320 27163 
5 

1 e 2.54 15.2 C 2 

Siv 

Ground State 1S
2
2S

2
2/>

6
3ä

2
3/> 

2P?/2 

Ionization Potential 47.29 eV = 381541.4 cm-' 

Allowed Transitions 

The screening-approximation calculations of Varsavsky [1] for the 3,s23/.i2P° —3s3p22D multi- 
plet are considered to be rather uncertain (probably too high, as judged from comparisons in other 
ions) since the important effects of configuration mixing are neglected entirely. Gruzdev and 
Prokofev [2] have carried out Coulomb approximation calculations modified with the Seaton 
correction for the 3//2P° —4.?2S multiple!: these results should be reliable to within 25 percent, 
as judged from plots depicting/value dependence on nuclear charge. 
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References 

[1] Varsavsky, C. M.. Astrophys. J. Suppl. Ser. 6, No. 53, 75 (1961). 
[2] Gruzdev, P. F., and Prokofev, V. K.. Optics and Spectroscopy (U.S.S.R.) 21, 151-152 (1966). 

s IV.    Allowed Transitions 

No. Transition 
Array 

Multiple! WÄ) £i(cm-') E*(cm-') gi gk -4*1(10" sec-') /.* S(al.u.) loR«/' Accu- 
racy 

Source 

1 3s23p-3s3pa 2po_.2D 

(1 uv) 
1069.6 633 94130 6 10 20 0.57 12 0.53 E 1 

1072.99 950 94148 4 6 20 0.52 7.3 0.32 £ /s 
1062.67 0 94102 2 4 17 0.59 4.1 0.07 E Is 
1073.52 950 94102 4 4 3.3 0.057 0.81 -0.64 E Is 

2 3p-('S)4s 2po_2g 553.10 633 181432 6 2 61 0.094 1.03 -0.249 C 2 

[554.071 950 181432 4 2 40.8 0.094 0.69 -0.425 C Is 
551.17 0 181432 2 2 20.6 0.094 0.341 -0.73 C Is 

3 4s-('S)4p 2S_2po 

(1) 
3104.1 181432 213647 2 6 2.6 1.1 23 0.35 D + en 

3097.46 181432 213717 2 4 2.6 0.74 15 0.17 D + Is 
3117.75 181432 213507 2 2 2.5 0.37 7.5 -0.13 D + Is 

SlV. Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight num- 
ber, tabulated for example by Naqvi [I]. The transition probability should also be quite accurate, 
since the energy level difference is accurately known. 

Reference 

[1] Naqvi, A. M, Thesis Harvard (1951). 

SIV. Forbidden Transitions 

No. Transition 
Array 

Multiple! x(A) Ej(cm-') £*(cm-') gi **' 
Type of 

Tran- 
sition 

Ak,(sec-') Siat. u.) Accu- 
racy 

Source 

1 3p-('S)3p 2po_2p» 
[10.521X10«] 0.0 950.2 2 4 m 0.00770 1.33 A 1 
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Ground Slate 

lonization Potential 

Sv 

ls-lV^p^s-'S,, 

72.5 eV = 5847(H) em ' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. Wavelength [A] No. Wavelength |A| No. 

437.37 8 680.90 7 852.185 2 
438.19 8 68! .68 t 854.772 2 
439.65 y 686.11 6 857.872 2 
658.262 5 686.95 6 860.462 2 
659.853 5 688.07 6 883.54 4 

663.155 5 689.85 6 884.45 4 
676.21 7 691.74 6 885.77 4 
677.35 7 693.53 6 900.90 3 
678.12 i 786.476 1 902.83 3 
680.36 7 849.241 2 905.89 3 

The charge-expansion technique of Crossley and Dalgamo [1|, which includes limited con- 
figuration m'-.ing. has been employed lor the majority of the transitions in this spectrum, Gruz- 

dev and Piokofev [2| have carried out Coulomb approximation calculations, modified <vkh the 
Seaton correction, for the 3s."/' 'P° — 3.s4s :IS multiplet. For many of these transitions, the de- 
pendence of oscillator strength on nuclear charge has served as an aid in estimating accuracies. 

For the resonance line we have chosen an interpolated value in preference to thf- result by 
Crossley and Dalgarno, since their number for S V does not fit too closely into the very firmly 
established systematic trend for this transition against nuclear charge (See fig. 4 of «he General 
Introduction). 

References 

[1| Crossley, R. J. S.. and Dalgarno. A., Pro«-. Roy. Soc. London A286, 510 (1965). 
[2| Gruzdev. P. F.. and Prokofev. V. K.. Optics and Spe.troscopy (l.S.S.R.I 21, 151-152 H'/e>6). 
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S v. Allowed Trantitions 

1             [          [ 
No.' Transition  ! Multiple! , Al AI 

7 

ftcra-'l E t( cm') 
!' 

ft /•'* .4*il!0
Mse(-1) /«• .S'lat.u.) log ^/ Accu- Source 

Array 
1 

racy 

1 3.s-~3.vl-S)3/>  •S-1P° 
(1 uv) 

786. P6 () 127)49 1 

r 

3 52.5 1.46 3.78 0.164 B intjrp 

2 3*3/; -3/r     3P°_3P 
,0 ..... 

8.54.8.5 [838/9] [200798] 
i 

9 1 41.8 0.458 11.6 0.62 C + 1 
1                      :            'i.   U* 1 

1 
854.792 84200] 201186 5 5 31.3 0.343 4.83 0.234 C + Is 

! 
1 854.792 83433] 200417 3 3 10.5 0.115 0.97 -0.462 C Is 

860.462 84200] ! 200417 5 3 17.1 0.H4 1.61 -0.244 c Is 
857.872 83433] 1 200000 3 1 41.4 0.152 1.29 -0.341 c Is 
»49.241 83433] i 201186 3 5 10.7 0.192 1.61 -0.240 c Is 

i 
852.185 83071 200417 i 3 14.1 0.460 1.29 -0.337 c Is 

:i \ .is(aS).w- •D-3P m.:u [234987] [.«.5569] 15 <; 22 0.16 7.3 0.39 D 1 
3/»i-'p°(3«y 

1 
! 
1 905 89] 234987] 345376 7  5 19 0.16 3.4 0.06 D Is 

902.83 234987] 345750 5 j 3 17 0.12 1.8 -0.22 D Is 
900.90 234987] 345987 3  1 22 0.091 0.81 -0.56 D- Is 
905.89] 234987] 345376 5  5 3.3 0.041 0.61 -0.69 D- Is 

i 902.83 234987] ! 345750 3  3 5.6 0.068 0.61 -0.69 D- Is : 
1 905.89] [234987] 345376 3 5 0.22 0.0045 0.041 -1.87 E Is 

■M 
:l|) _..[)« 884.29 [234987] [M8072] 15 !5 21 0.24 11 0.56 D 1 

i 
883.54] 234987] 348168 7 7 19 0.22 4.4 0.18 D Is 
884.45] 234987] 348051 5 5 14 0.17 2.5 -0.07 D Is 
885.77] 234987] 347883 3 3 16 0.18 1.6 -0.26 D Is 

t 

! 884.45] 234987] 348051 7 5 3.2 0.027 0.55 -0.72 D- Is 
, j 885.77 234987] 347883 5 3 5.2 0.036 0.53 -0.74 D- Is 

883.54] 234987] 348168 5 7 2.3 0.038 0.55 -0.72 D- Is 
884.45] 234987] 348051 3 5 3.1 0.061 0.53 -0.74 D- Is 

5 1.3*3/*- l|>°_:i[) 661.52 [8.?8/9] [234987] 9 15 64.4 0.704 13.8 V/.802 B 1 
3s(2S)3</ 13 uv) 

663.155 84200] 234987 5 7 63.9 0.590 6.14 0.470 B Is 
659.853 83433] 234987 3 5 48.7 0.529 3.45 0.201 B Is 
658.262 83071] 234987 1 3 36.2 0.706 1.53 -0.151 B Is 
663.155 84200] 234987 5 5 16.0 0.105 1.15 -0.280 B Is 
659.853 83433] 234987 3 3 27.0 0.176 1.15 -0.277 B Is 
663.155 84200] [234987; 5 3 1.8 0.0070 0.077 -1.45 D Is 

6 .V-'WH3</ ip_.ip" 690.7.5 [200798] [.•? »5.569] 9 9 50 0.36 7.3 0.51 D 1 

693.53] 201186] 345376 5 5 36 0.26 3.0 0.11 D Is 
688.07] 200417] [345750 3 3 13 0.090 0.61 -0.57 D Is 
691.74] 2011861 [345750 5 3 20 0.088 1.0 -0.36 D Is 
686.95] 200417] [345987 3 1 51 0.12 0.81 -0.44 D Is 
689.85] 200417 [345376 3 5 12 0.15 1.0 -0.36 D Is 
686.11 ] 200000 [345750 1 3 17 0.36 0.81 -0.44 D Is 

/ »P_»D° 679.01 [200798] [U8072] 9 15 86 0.99 20 0.95 D 1 

680.36] 201186 [348168 5 7 85 0.83 9.3 0.62 D Is 
677.35] 200417 348051' 3 5 65 0.75 5.0 0.35 D Is 
676.21] 200000 [34788.T 1 3 48 0.99 2.2 O.(X) D Is 
680.90] 201186 [348051 5 5 22 0.15 1.7 -0.12 1) Is 
678.12] 200417 347883 3 ;■(. 37 0.25 1.7 -0.12 D Is 

! 681.68] 201186 [347883 5 . * 2.3 0.0098 0.11 -1.31 E Is 

8 3.?3n- 
:is(2S)4s 

:l|>°_.l.S 

(4 uv) 
M8.88 \8.iHI9] [311670] 9 3 KM) 0.096 1.25 -0.063 C 2 

439.65 »1200 311670 5 3 55 0.096 0.65 -0.319 (' Is 
438.19 83433 311670 3 3 33.3 0.096 0.415 -0.54 C Is 
437.37 83071 311670 1 3 11.2 0.096 0.138 -1.018 C Is 
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Sv 

Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The results for the >P° —:,I>0 transitions 
are essentially independent of the choice of the interaction parameters. For the :lP°— '1'° transi- 
tions, Naqvi uses emperical term intervals, i.e., the effects of configuration interaction should 
be partially included. 

Reference 

[1| Naqvi, A. M., Thesis ,,'arvard (1951) 

No. 
Transition 

Array 

SsSp-S^Stfp 

Multiple! 

3po_3po 

3po _ | po 

Sv. Forbidden Transitions 

X(A) 

[27.62 x KH 
[13.0.3 x Kr1] 

2268.0] 
2286.«] 
2.327.6] 

A.', (cm ') 

&3071] 
8343.3] 

8.3071 
&343.3 
812(H) 

A.;(cm ') 

[83433 
[84200 

127149 
127149 
127149 

" 
Type of 

A'. Mk I ransi- 
t">n 

  
—■;:-       - 

1 3 ,71 

3 5 m 

1 3 m 
3 3 m 
5 3 m 

IlititW   ') 

8.53 x 10-* 
0.00610 

0.2.36 
14.0 
0.27.3 

.Stai.ii.l 

2.1K) 
2.50 

3.06 x 10 
0.0186 
.3.83 x 10 

Accu- 
racy 

B 
B 

Source 

Ground State 

Ionization Potential 

Svi 

Allowed Transitions 
List of tabulated lines: 

ls*2s22//3s *Strt 

88.029 eV = 710194 cm' 

Wavelength [A] No. Wavelength [Aj No. Wavelength |A] No. 

191.48 
191.56 
248.985 
249.271 
283.50 

3 
3 
2 
2 
9 

464.654 
648.50 
648.64 
650.43 
706.480 

7 
6 
6 
6 
4 

944.517 
971.36 
975.70 

1975.5 
1992.5 

1 
12 
12 
11 
11 

328.51 
388.940 
390.859 

8 
5 
5 

712.682 
712.844 
93.3.382 

4 
4 
1 

199.3.5 
2587.4 
2618.3 

11 
10 
10 

The only source available for this ion are the charge-expansion calculations of Crossley and 
Dalgarno [1] which include limited configuration mixing. Graphical comparisons of this work 
with more refined values within the isoelectronic sequence indicate accuracies within 25 percent. 
A number of additional values have been obtained from Studies of the/-value dependence on 
nuclear charge. The reliable material available for other ions of this isoelectronic sequence in 
these cases permits the determination of reliable values simply by graphical interpolation. 

Reference 

[1| Crossley. R. J. S.. and Daluarn». A.. Pme. Roy. So,., London A286, 510-518 (1965). 
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S vi. Allowed Transitions 

1           =f 

v.. Transition 
Array 

Multiset x(A) £,i<m -') 

1 
i 

£*(em-') A'l Kk /<».,< 10" sec -') fa S(at.u.) l<»Kfif Accu- 
racy 

Source 

1 3s -3/1 
(1 uv) 

937.07 0 106716 2 6 16.1 0.64 3.92 0.107 C 1 

933.382                0 107137 2 4 16.3 0.425 2.61 -0.071 C !s 

944.517 ö 10.5874 2 2 15.7 0.211 1.31 -0.375 C Is 

1 
2 3s-4p 2g _ 2J>° 

(2 UV) 
249.09 0 401469 2 6 25.6 0.071 0.U7 -0.85 C cu 

248.985 0 401621 2 4 25.4 0.0471 0.077 -1.026 C Is 

249.271 0 401164 2 2 26.1 0.0244 0.0400 -1.312 C Is 

3 3s-5/< 2S_2po 191.51 0 522/75 2 6 17 0.028 0.035 -1.25 D interp 

[191.48] 0 522248 2 4 17 0.018 0.023 -1.44 D Is 
[191.56] 0 522030 2 2 17 0.0095 0.012 -1.72 D- Is 

4 3/>-3</ 2po_2J) 

(3  UV) 
710.62 106716 247439 6 10 49.1 0.62 8.7 0.57 C 1 

712,682 107137 247452 4 6 48.5 0.55 5.2 0.346 c Is 
706.480 105874 247420 2 4 41.7 0.62 2.90 0.0% c Is 

•' 
712.844 107137 247420 4 4 8.1 0.062 0.58 -0.61 D Is 

5 3/;-4s 
(4 uv) 

390.22 106716 362983 6 2 121 0.092 0.71 -0.258 c ca 

390.859 107137 362983 4 9 81 0.093 0.477 -0.431 c Is 
388.940 105874 362983 2 2 40.3 0.091 0.234 -0.74 c Is 

6 3f/-4/» 2D_2po 649.22 247439 401469 10 6 
37 0.14 3.0 0.15 c interp 

648.64 247452 401621 6 4 
650.43 247420 401164 4 2 33 0.14 1.8 -0.08 c Is 
648.50 247420 401621 4 4 37 0.12 1.0 -0.32 c Is 

3.7 0.023 0.20 -1.04 D Is 
i 3#/-4/ 2D_2p 464.654 247439 462653 10 14 

(5 uv) 202 0.92 14.0 0.96 C + ca 

8 w-y ,D_2F0 32H.51 247439 551848 10 14 75 0.17 1.8 0.23 C interp 

9 3,/-6/ 2D_2p 283.50 247439 600170 10 14 37 0.062 0.58 -0.21 C interp 

10 is -4/1 *S-2P° 2597.6 362983 401469 2 6 3.2 0.97 17 0.29 C interp 

[2587.4] 362983 401621 2 4 3.2 0.65 11 0.11 c Is 
[2618.3] 362983 401164 2 2 3.2 0.33 5.7 -0.18 c Is 

11 4/,-W 2po_2D / 986.9 401469 451799 6 10 10 1.0 39 0.78 c interp 

[1992.5 401621 451808 4 6 9.8 0.88 23 0.55 c Is 
[1975.5 401164 451785 2 4 8.5 1.0 13 0.30 c Is 
[1993.5 401621 451785 4 4 1.7 0.099 2.6 -0.40 D Is 

12 4p —5s ,po_2S 974.25 401469 504112 6 2 38 0.18 3.5 0.03 C interp 

[975.70] 401621 504112 4 2 25 0.18 2.3 -0.14 C Is 
[971.36] 401164 504112 2 2 13 0.19 1.2 -0.42 c Is 
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Svii 

(■round State I.V-2.S-2//" 'S, 

lonization Potential 28(1.99 e\ - 2266990 cm 

Allowed Transitions 

Calculations by Kastner. Omidvar, and Underwood |1|. employing Hartrec-Fock wavefunetioiis 
and including intermediate coupling, are available. Since the calculations are based on a single — 
configuration approximation only, uncertainties of up to 50 percent are expected for the strong 
lines and even higher uncertainties for the weak lines, the latter being more affected by assump- 
tions about the coupling. 

Reference 

jl| Kästner. S. O., Omidvar, K.. and Underwood. J. H.. Astrophys. J. 148, 269-27.» (1957). 

S VII. Allowed Transitions 

No. Transition 
Array 

Multiple! MÄ) Eiicm'1) Et-lcm-') Hi f-'k •UidO'sec   ') A .S"(at.u.) 
I 

l-gfi/ Accu- 
racy 

Source 

1 2P«-2pVP°3K)3S 
15 _ ip° 

[72.663] 0 13 "(»'220 1 3 150 0.036 0.0086 -1.41 K T 

2 2p«-2p!>eP°Ui)3s 'S-'P° [72.029] 0 1388330 1 3 730 0.17 0.040 -0.77 I) 1 

3 2p»-2pH*Pl.,)3tl 'S~:|P° 
[61.547] 0 1624770 1 3 26 0.0045 9.1 X H)~* -2.35 E 1 

4 2//--2/rTP.?,,.)3tf •S-'P0 [60.804] 0 1644630 1 3 8400 1.4 0.28 0.15 1) 1 

5 2/l«-2//'(2Pr,2)3</ 'S-:,D0 

[60.161] 0 16622i() 1 3 980 0.16 0.032 -0.80 1) 1 

S viii 

Ground State i.?W2//'-p;h 

lonization Potential 

Allowed Transitions 

328.80 eV = 2652720 cm  ' 

The value for the 2s22pA -Pc — 2s2/>"'-S multiple! is calculated from the nuclear charge-expansion 
method of Cohen and Dalgarno [1]. It may I«- quite uncertain since configuration interaction 
effects with configurations involving the n = 3 shell electrons, which were not included in this 
calculation, may be significant. 

Reference 

111 Cohen. M.. and Dal^ar.10. A.. 1'roc. Koy. SIK\ Undon A280, 258-270 < 1964). 
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S VIII. Allowed Transitions 

No. Transition 
Array 

Multiple! MA) £i(cm  ' I EtU-ttt-') H, ft AnAWhec-') A S(at.u.) !'>(!/</' Accu- 
racy 

Source 

1 2s-2//' — 2.s2/<B •-•p°--s 199.91 

[198.57] 
[202.65] 

0 
10130 

503590 

503590 
503590 

6 

4, 
2 

2 

2 
2 

480 

320 
160 

0.0% 

0.0% 
0.097 

0.38 

0.25 
0.13 

-0.24 

-0.42 
-0.71 

D 

D 
D 

1 

Is 
Is 

Svm 

Forbidden Transitions 

The line sirength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1], The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

|l| Naiivi. A. M.. TIIPM. Harvard 11951). 

S VIII.    Forbidden Transitions 

. '1 Yansiliiih 

—T" 

1 
Type of Accu- 

\.>. Array Multiple! MA) K urn ') A'*(cm '1 A'. Kk Transi- 4l!W   ') ,S(at.u.) racy Source 

2l> ■~2,r' »po_.po 

  "1" 
1 

— 

tinn 

1 
(IF) 9917.9 1 | 0 10130 4 2 m 18.6 1.33 A    |           1 

Six 

(»round State 

loni/ation Potential 378.95 eV = 3057300 cm  ' 

forbidden Transitions 

As in the case of Na IV the adopted values are taken from Naqvi [If. and Malvilie and Bergcrj2|. 
For a discussion on the selection of values see \a IV. since the same criteria have been applied. 

References 

|!| Naqvi. V V.. Thi'M» Harvard il'WU 
lL'1 Malvilie..|. \1. and Briber. K. V. dunelarv and Spa,«- Science 13. 11.11 (1965). 

diH-dJ.' I >-(«—I * 
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5IX. Forbidden Tra nsitions 

Transition 
! 

Type of Accu- 
No. Array Multiple! X(A) Ki(<m') A\(cm ') Hi A Transi- 

tion 
4(ser'| .S(at.u.) racy source 

1 2p*-2p* 3P-3P 
[125441 
[12544] 

0 7970 5 3 e 3.83 xlO-5 0.0213 C- 1,2 
0 7970 5 3 m 11.3 2.48 B 1 

[9404.8] 0 10630 5 1 e 2.2 x 10-* 0.00% C- 2 
[37584] 7970 10630 3 1 m 1.01 1.99 B 1 

2 >P-'D 
1724.11 0 58000 5 5 e 0.026 0.0012 D- 1,2 

'1724.1 0 '58000 5 5 m 61 0.058 C 1 
'1998.8 7970 '58000 3 5 e 0.0018 1.7x10-« D- 1,2 
'1998.8 7970 [58000 3 5 m 13.2 0.01% C 1 
'2110.4] 10630 158000] 1 5 e 7.6X10* 9.5x10* D- 2 

3 »P-'S 
[817.661 
[874.66] 

0 [1223001 
[122300] 

5 1 e 0.33 7.2 x 10"s D- 2 
7970 3 1 m 710 0.0176 C 2 

4 ■D-'S 
R555.2] [58000] T122J001 5 1 e 6.9 0.0374 re- 2 

Ground State 

Ionization Potential 

Sx 

Forbidden Transitions 

ls22s22p3 4S3°/2 

447.0? eV = 3606000? cm -' 

T'le line strength for the one transition listed in the table is a straight number, tabulated for 
example by Naqvi [1], The transition probability should also be quite accurate, since the energy 
level difference is accurately known. 

Reference 

[1) Naqvi, A. M., Thesis Harvard (1951). 

S X. Forbidden Transitions 

No. 
Transition 

Array Multiple! MÄ) Wem-1) £t(cm"') Pi Hk 

Type of 
Transi- 

tion 
4w(sec-') S(at.u.) 

Accu- 
racy Source 

1 2p3-2//t jpo _ j po 

[66650] [122230] [123730] 2 4 m 0.0303 1.33 A 1 
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SXII 

Ground State lt2#2p*Pfa 

lonization Potential 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability is not as accurate, since the energy 
level difference is not accurately known. 

Reference 

[11 Naqvi, A. M.. Thesis Harvard (1951). 

S XII. Forbidden Transitions 

No. 
Transition 

Array Multiplet MÄ) £i(cm~') £j(cm') (ti Hk- 

Type of 
Transi- 

tion 
<4u(sec-') S(at.u.) 

Accu- 
racy Source 

1 2p-('S)2p jpo_2po 

(IF) 7536 0 [13266] 2 4 m 21.0 1.33 B 1 
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Ground State 

CHLORINE 

Cli 

lsä2s'2/AV3//2P. 

Ionization Potential 12.97 eV= 104591 cm 

Allowed Transitions 

List of tabulated lines: 

Wavelength (A| No. Wavelength [A] No. Wavelength [A] No. 

1188.77 3 4475.31 18 7878.22 6 
1201.36 3 4491.05 15 7899.28 29 
1335.72 2 4526.20 28 7915.09 29 
1347.24 2 4545.38 17 7924.62 7 
1351.66 2 4578.17 17 7935.00 30 

1363.45 2 4580.47 9 7976.95 29 
1373.12 1 4601.00 28 798058 5 
1379.53 1 4623.96 15 7997.80 6 
1389.69 1 4654.05 25 8084.48 16 
1389.96 1 4661.22 22 8085.54 16 

1396.53 1 4674.40 27 8086.67 16 
4104.78 22 4677.76 26 8087.67 16 
4147.20 22 4691.53 24 8194.35 5 
4209.68 19 4721.24 25 8212.00 5 
4226.44 21 4740.71 24 8333.29 

8375.95 

5 

5 
4264.59 19 4796.76 25 8428.25 5 
4280.43 18 4818.42 23 8550.46 12 
4323.35 21 4818.64 27 8575.25 5 
4337.80 18 4852.70 24 8585.96 5 
4363.30 19 4976.62 14 

8686.28 13 
4369.52 19 5099.80 14 8948.01 4 
4371.55 18 5140.35 14 9073.15 11 
4379.90 18 7256.63 8 9121.10 4 
4387.55 21 7414.10 7 9191.67 4 
4389.76 18 7537.06 8 

9288.82 10 
4390.38 20 7702.89 29 9393.81 4 
4402.58 18 7717.57 7 9486.89 4 
4403.03 17 7744.94 8 9584.77 4 
4438.48 17 7769.18 29 9592.20 10 
4445.83 18 7771.10 29 

9632.37 11 
4446.11 17 

28 
7821.35 29 9702.35 4 

4469.37 7830.76 29 9875.95 10 

Lawrence [1] has carried out intermediate coupling calculations for three multiplets in the 
vacuum uv region involving the 4s state. These values are normalized via a lifetime measurement 
of this state by him [11, in which he applied the phase shift technique. Hofmann [2| has measured 
oscillator strengths for the same multiplets using a wall-stabilized arc; his values for the aP° — -P 
and H'" — 2I) multiplets are renonnalized to Lawrence's |1| lifetime and the results averaged with 
Lawrence's calculated values. For the 2P° — 4P intercombination multiple), Hofmann's renormalized 
values are used exclusively where available: f< t the other lines. Lawrence's calculated values are 
taken. 
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fn the visible region, emission experiments are available. Foster [4] and Hey [5] employed 
vortex and wall-stabilized arcs, respectively, while Bengtson [3] used a conventional shock tube. 
Usually there is good agreement where the three experiments overlap and in these cases the results 
have been averaged. For the case of the 4.s *?- \\> *D° multiplet, only the weaker lines measured 
by Bengtson are chosen since the stronger lines of this multiplet seem to be affected by self- 
absorption. For several lines Foster [4] has made use of Kiess' intensity data to obtain absolute 
transition probabilities; the accuracy estimate has then been reduced. 

The Coulomb approximation has been employed for several multiplets of the is-4p and \\>-\d 
arrays: it compares usually quite well with the measurements, when theory and experiment overlap. 

References 

|1] Lawrence. G. M.. Astrophys. J. 148, 261-268 (1967). 
[2| Hofmann, W.. Z. Naturforsch. 22a, 2097-2101 (1967). 
|3| Bengtson. R. D.. Thesis Maryland (1968) and to be published. 
[4| Foster, E. W.. Proc. Phys. Soe. London A80, 882-893 (1962). 
[5| Hey, P.. Z. Physik 157, 79-88 (1959). 

Cl I.   Allowed Transitions 

No. Transition 
Array 

Multiplet \(A) Eiicm-') £*(cm-') gi A 4kl(W 
sec"1) 

fa S(at.u.) log Kf 

"I 

Accu- 
racy 

Source 

1 .V-3//«(3PH* 2P°._4[> 
(1 uv) 

1389.69 0 71954 1 6 0.0023 1.0X10-" 0.0018 -3.40 D 1 
1396.53 881 72484 2 1 0.015 8.8 x 10-" 0.0081 -2.75 D In 
1379.53 0 72181 <* 1 0.11 0.0031 0.057 -1.91 D In 
1389.96 881 72823 2 2 0.017 1.9 x 10-" 0 0045 -3.01 D 1 
1373.12 0 72823 1 2 0.0029 1.1 x 10-s 7.4 X 10-" -3.79 D 2/i 

2 2p°_2p 1348.8 294 74434 6 6 1.91 0.135 3.59 -0.092 C + 1.2n 

(2 uv) 
1317.21 0 71221 1 4 1.19 0.111 2.02 -0.341 c + l,2n 

1351.66 881 71861 2 2 3.23 0.088 0.79 -0.75 c + 1.2« 

1335.72 0 74861 1 2 1.71 0.0233 0.409 -1.031 c 1 

1363.15 881 74221 I 1 0.75 0.0418 0.375 -1.078 c + 1.2n 

3 •V- 
.yi'DHs' 

2po_2r) 1193,0 291 84116 6 10 2.17 0.088 2.07 -0.277 c 1.2« 

1188.77 0 84116 4 6 2.33 0.071 1.16 -0.53 c 1.2« 

1201.36 881 84117 2 1 2.39 0.103 0.82 -0.69 c 1.2/1 

1188.77 0 84117 4 4 0.271 0.0057 0.090 -1.64 c 1. 2« 

4 3/rls- <P_sp° 

(1) 
»270.5 722 7(> 83000 12 12 0.23 0.30 110 0.56 D rn 

9121.10 71951 82915 6 6 0.17 0.22 39 0.12 D Is 

9393.81 72181 83127 4 4 0.031 0.042 5.1 -0.78 E Is 

9186.89 72823 83361 2 2 0.039 0.052 3.3 -0.98 E Is 

8918.01 71951 83127 6 4 0.12 0.095 17 -0.24 D- Is 

9 mi.67 72181 83361 1 2 0.21 0.13 16 -0.28 D- Is 

9584.77 72484 82915 1 6 0.066 0.11 17 -0.26 D- Is 

9702.35 72823 83127 2 4 0.091 0.26 16 -0.29 D- !s 

r> *\>-Hr 8413.1 72276 84159 12 20 0.27 0.18 160 0.76 Ü 3/i. rn 

(2) 
8375.95 71954 83890 6 8 0.28 0.39 61 0.37 D Is 

8585.96 72181 84128 1 6 0.19 0.31 35 0.09 D Is 

8575.25 72823 84481 2 4 0.12 0.27 15 -0.27 D 3. Is 

8212.00 71954 84128 6 6 0.079 0.080 13 - 0.32 D 3. Is 

8333.29 72481 84481 4 4 0.16 0.16 18 -0.19 D Is 

8128.25 72823 84684 2 2 0.21 0.25 14 -0.30 P 3. Is 

7980.58 71954 84481 6 4 0.016 0.010 1.6 - ! .22 E Is 

8191.35 72484 84681 4 2 0.050 0.025 2.7 -1.00 1   E 3. Is 
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Cl I.    Allowed Transitions—Continued 

No. Transitijr- 
Array 

Multiplet MA) £((cm_l) £*(cm-') ft ft /MIO» 
sec"1) 

fik S(al.u.) h&Kf Accu 
racy 

1 

Source 

6 *P-»D° 
»3) 

7878.22 71954 84644 6 6 0.018 0.017 2.6 -0.99 1) 3 
7997.80 72484 84984 4 4 0.021 0.020 2.1 -1.10 D 3 

7 4p_jp>» 

(4) 
7414.10 7i954 a5438 6 4 0.047 0.026 3.8 -0.81 D 3 
7717.57 72484 85438 4 4 0.030 0.027 2.7 -0.97 D 3 
7924.62 72823 85438 2 4 0.021 0.040 2.1 -1.10 D 3 

8 4P_4Sc 

(5) 
74.W.I 72276 85731 12 4 0.38 0.11 31 0.12 D + 3. cu 

7256.63 71954 85731 6 4 0.19 0.10 14 -0.22 1) + 3. Is 
7547.06 72484 &5731 4 4 0.13 0.11 11 -0.36 D + 3. la 
7744.94 72823 a5731 2 4 0.065 0.12 6.0 - 0.62 D + 3. Is 

9 3p«4*- <P_sp° 
3p4('D)4p' 4580.47 72484 94310 4 4 0.0018 5.7 x 10-* 0.034 -2.65 D- 4 

10 3p*4s- 
3p«(3P)4p 

2P_2D° 
(11) 

9662.9 74434 84780 6 10 0.25 0.58 110 0.54 D rn 

9592.20 74221 84644 4 6 0.24 0.50 63 0.30 D Is 
9875.95 74861 84984 2 4 0.19 0.56 37 0.05 D Is 
9288.82 74221 84984 4 4 0.044 0.057 7.0 -0.61 E Is 

11 2p_2g° 
(12) 

92.5/.6 74434 85240 6 2 0.27 0.11 21 -0.16 D CU 

9073.15 74221 85240 4 2 C.19 0.12 14 -0.33 D Is 
9632.37 74861 85240 2 2 0.083 0.12 7.3 -0.62 D Is 

12 2p_2p° 
(13) 

8550.46 74221 85913 4 2 0.019 0.010 1.2 -1.40 D- 3 

13 *P-"S° 
(14) 

8686.28 74221 85731 4 4 0.039 0.044 5.0 -0.75 D 3 

14 3p«4i- ,p_2po 
3p«0D)4p' 4976 62 74221 94310 4 4 0.0035 0.0013 0.085 -2.28 D + 3.4 

5099.80 74861 94465 2 2 0.0085 0.0033 0.11 -2.18 D 4 
5140.35 74861 94310 2 4 0.0025 0.0020 0.067 -2.40 D- 4 

15 2p_2[)0 

4623.% 74861 96482 2 4 0.0045 0.0029 0.088 -2.24 D + 3.4 
4491.05 74221 96482 4 4 0.0048 0.0015 0.086 -2.22 D + 3,4 

16 2D-2D° 808.5.8 84116 96480 10 10 0.42 0.41 110 0.61 D 3, en 

8086.67 84116 96478 6 6 O.M) 0.39 62 0.37 D Is 
8085.54 84117 96482 4 4 0.38 0.38 40 0.18 D Is 
8084.48 84116 96482 6 4 0.042 0.028 4.4 -0.77 E t's 
8087.67 84117 96478 4 6 0.028 0.041 4.4 -0.79 E Is 

17 3p445- 
3p«(3P)5p 

4p_4po 

(6) 
4438.48 71954 94478 6 6 0.014 0.0041 0.36 -1.61 D 3.4 
4403.03 71954 94659 6 4 0.0074 0.0014 0.12 -2.08 Ü 3.4 
4446.11 72484 94969 4 2 0.0044 6.5 xlO"4 0.038 -2.58 D 4 
4545.38 72484 94478 4 6 5.1X10"4 2.4 x 10-" 0.014 -3.02 D- 4 
4578.17 72823 94659 2 4 0.0017 0.0011 0.032 -2.67 D 3.4 
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CI I.    Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! MÄ) Ei(cm-') £*(cm-') ft ft ^*.(10" 
sec-1) 

f* S(at.u.) log ft' Accu- 
racy 

Source 

18 «P_«D° 
(7) 

4408.5 72276 9495.? 12 20 0.011 0.0052 0.91 -1.20 D + 3,4,5 

4389.76 
4475.31 
4445.83 
4371.55 
4379.90 
4402.58 
4280.43 
4337.80 

71954 
72484 
72823 
71954 
72484 
72823 
71954 
72484 

94728 
94823 
95309 
94823 
95309 
95531 
95309 
95531 

6 
4 
2 
6 
4 
2 
6 
4 

8 
6 
4 
6 
4 
2 
4 
2 

0.013 
0.0043 
0.0023 
0.0015 
0.012 
0.0058 
0.0016 
0.0026 

0.0050 
0.0019 
0.0014 
4.3 x 10-« 
0.0035 
0.0017 
2.9 X 10-« 
3.7 x 10-« 

0.43 
0.11 
0.040 
0.037 
0.20 
0.049 
0.025 
0.021 

-1.52 
-2.12 
-2.56 
-2.59 
-1.85 
-2.47 
-2.76 
-2.83 

C- 
D + 
D 
D + 
D + 
D + 
D- 
D- 

3,4,5 
3,4 

4 
3,4 
3.4 
3,4 

4 
4 

19 «P-2D° 
(8) 

4363.30 
4369.52 
4264.59 
4209.68 

72484 
72823 
71954 
71954 

953% 
95702 
953% 
95702 

4 
2 
6 
6 

6 
4 
6 
4 

0.0067 
0.0070 
0.0017 
0.0041 

0.0029 
0.0040 
4.6 x 10-« 
7.3 X 10-« 

0.16 
0.12 
0.039 
0.060 

-1.94 
-2.10 
-2.56 
-2.36 

D + 
D + 
D + 
Di 

3,4 
3,4 
3,4 
3,4 

20 «P-*S° 
4390.38 72823 95593 2 2 0.0079 0.0023 0.066 -2.34 D + 3,4 

21 
(9) 

4284.8 72276 95608 12 4 0.021 0.0019 0.32 -1.64 D + 3,4 

4226.44 
4323.35 
4387.55 

71954 
72484 
72823 

95608 
95608 
95608 

6 
4 
2 

4 
4 
4 

0.0055 
0.011 
0.0036 

9.8x10-« 
0.0031 
0.0021 

0.082 
0.18 
0.060 

-2.23 
-1.91 
-2.38 

D + 
D + 
D + 

3,4 
3,4 
3,4 

22 •tp_2P° 
4104.78 
4147.20 

71954 
72484 

%309 
%590 

6 
4 

4 
2 

0.0020 
0.0038 

3.4x10« 
4.9 x 10-« 

0.027 
0.027 

-2.69 
-2.71 

D- 
D 

4 
4 

23 2p_4po 

4818.42 74221 94%9 4 2 0.0039 6.8 x 10-« 0.043 -2.57 D 4 

24 2P_«D° 
4852.70 
4740.71 
4691.53 

74221 
74221 
74221 

94823 
95309 
95531 

4 
4 
4 

6 
4 
2 

0.0023 
0.0042 
0.011 

0.0012 
0.0014 
0.0018 

0.078 
0.088 
0.11 

-2.32 
-2.25 
-2,14 

D + 
D + 
D + 

3,4 
3,4 
3,4 

25 2p_2Do 4741.6 74434 955/8 6 10 0.0038 0.0021 0.20 -1.90 D + 3,4 

4721.24 
47%. 76 
4654.05 

74?? 1 
7 

953% 
95702 
95702 

4 
2 
4 

6 
4 
4 

0.0021 
0.0019 
0.0049 

0.0011 
0.0013 
0.0016 

0.065 
0.041 
0.098 

-2.36 
-2.58 
-2.19 

D + 
D- 
D + 

3.4 
4 

3.4 

26 2p_2So 

4677.76 74221 95593 4 2 0.0054 8.9 x 10-« 0.055 -2.45 D + 3.4 

27 2P_-<S0 

4674.40 
4818.64 

74221 
74861 

95608 
95608 

4 
2 

4 
4 

0.0020 
0.0019 

6.6 x 10-« 
0.0013 

0.040 
0.042 

-2.58 
-2.58 

D + 
D 

3,4 
4 

28 ,p_2po 

(15) 
4550.6 

4526.20 
4601.00 
4469.37 
4661.22 

74434 

74221 
74861 
74221 
74861 

96403 

%309 
%590 
%590 
%309 

6 

4 
2 
4 
2 

6 

4 
2 
2 
4 

0.054 

0.041 
0.039 
0.016 
0.010 

0.017 

0.013 
0.012 
0.0024 
0.0065 

1.5 

0.75 
0.37 
0.14 
0.20 

-0.99 

-1.28 
-1.62 
-2.02 
-1.89 

D + 

C- 
C- 
D 
D 

3, 4. 5 

3, 4. 5 
3, 4. 5 

3.4 
3,4 
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CI11.    Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! HA) i'llom-'l EA-icm-') A'< Mk -/AIIIO" 
sec-1) 

A Slat.u.) !ogi^ Accu- 
racy 

Source 

29 3p'4p- 
3p*(3Pyid 

<P°-<D 7852.7 83060 95797 12 20 0.10 0.15 48 0.26 D 3, ca 

7821.35 82915 95696 6 8 0.09Ü 0.12 18 -0.14 D 3, Is 
7899.28 83127 95782 4 6 0.058 0.082 3.5 -0.48 D 3,1s 
7976.95 83361 95893 2 4 0.041 0.078 4.1 -0.81 D- 3,1s 
7769.18 82915 95782 6 6 0.045 0.040 6.2 -0.62 D 3,1s 
7830.76 83127 95893 4 4 0.069 0.063 6.5 -0.60 D 3, Is 
7915.09 83361 95991 2 2 0.061 0.058 3.0 -0.94 D- 3,1s 
7702.89 82915 95893 6 4 0.0054 0.0032 0.49 -1.72 E 3, Is 
7771.10 83127 95991 4 2 0.024 0.011 1.1 -1.36 E 3, Is 

30 *D"-*¥ 
7935.00 83890 96490 6 8 0.046 0.058 9.1 -C.46 D 3, 

ca. Is 

Cli 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

[1] Naqvi, A. M., Theeie Harvard (1951). 

Cl I.   Forbidden Transitions 

No. 
Transition 

Array Multiple! MÄ) A'i(cm-') Ekivm"') Hi A'*- 
Type of 
Transi- 

tion 
4iii( sec') .S(at.u.) 

Accu- 
racy Source 

1 3/>5-3/>" 2P°_»P° 
[11.328 X10<] 0 882.50 4 2 m 0.0123 1.33 A 1 

Clu 
Ground State 

Ionization Potential 
U*2s»2/W3/>« »Pa 

23.80 eV= 192000 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. Wavelength [Ä] No. Wavelength [A] No. 

1063.83 
1068.0 
1071.05 
1071.76 
1075.2 

1079.08 
2427.79 
2430.16 
2434.10 
2496.04 

1 
55 
55 
55 
57 

2498.53 
2502.75 
2543.98 
2544.84 
2545.5 

57 
57 
56 
56 
56 
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List of tabulated lines—Continued 

Wavelength (A) Nu. Wavelength [A] N... Wavelength [A] No. 

2.546.94 56 3860.80 30 4544.48 11 
2547.76 56 3860.98 30 4569.42 47 
2549.85 56 3861.40 30 4572.13 47 
2666.46 58 3861.95 45 4739.42 8 
2667.36 58 3862.6 45 4740.40 14 

2906.25 33 3864.60 45 4755.64 8 
3022.93 32 3865.2 45 4765.30 8 
3147.86 5 3868.62 45 4768.68 26 
3161.44 6 3883.80 48 4771.09 26 
3175.9 36 3904.0 37 4771.66 28 

3176.3 36 3906.9 37 4778.93 26 
3182.3 36 3913.92 37 4781.32 26 
3182.7 36 3916.70 37 4781.82 8 
3188.4 36 3917.57 37 4785.44 26 
3189.04 36 3929.0 37 4794.54 17 

3231.75 40 3929.7 37 4797.1 26 
3306.4r, 31 3954.21 44 4798.40 8 
3307.90 31 3990.19 41 4810.06 17 
3308.7 31 3996.3 41 4811.57 52 
3315.44 31 4001.9 41 4819.46 17 

3316.86 31 4020.06 41 4819.79 8 
3329.12 31 4026.7 41 4822.3 52 
3505.44 35 4036.53 41 4827.0 52 
3508.94 35 4124.00 49 4836.79 8 
3509.39 35 4130.86 49 4857.94 52 

3513.22 35 4131.4 49 4863.1 52 
3513.69 35 4132.48 24 4879.0 52 
3522.14 35 4133.66 49 4893.1 7 
3526.13 35 4135.5 49 48%. 77 20 
3568.04 43 4147.09 M 4900.3 25 

3576.00 43 4155.2 49 4904.76 20 
3587.78 43 4185.61 27 4907.17 25 
3596.9 43 4188.82 27 4914.32 20 
3597.3 38 4191.59 27 4917.72 20 
3601.4 38 4195.11 27 4922.14 20 

3603.72 43 4204.54 27 4924.28 7 
3604.51 43 4208.03 27 4924.83 25 
3605.9 38 4215.0 54 4925.17 7 
3606.6 38 4223.0 54 4933.2 20 
3610.8 38 4224.92 54 4936.99 7 

3615.09 38 4228.7 54 4943.24 10 
3618 S8 42 4234.09 46 4970.12 7 
3639.19 42 4234.8 54 4995.52 7 
3648.07 42 4235.49 51 5068.10 19 
3731.23 39 4235.49 54 5078.25 19 

3798.80 34 4241.38 46 5098.34 19 
3805.24 34 4251.3 50 5099.30 19 
3809.51 34 4253.51 46 5103.04 19 
3810.10 34 4258.8 50 5104.08 19 
3818.40 34 4261.22 50 5113.36 19 

3829.27 4 4264.4 50 5175.a5 13 
3830.8 34 4270.61 50 5217.93 18 
3843.26 12 4276.51 50 5221.34 18 
3845.42 30 4291.76 2! 5392.12 23 
3845.69 30 4304.07 21 5423.25 2 

3845.84 30 4307.42 21 5423.52 2 
3850.97 30 4334.1 21 542,..36 2 
3851.38 30 4336.26 21 5443.42 2 
3851.69 30 4313.62 21 5444.25 2 
3854.75 45 4399.14 29 5444,99 2 163 



List of tabulated lines—Continued 

Wavelength [A] 
1 

No. Wavelength [A] No. Wavelength [A] No. 

5456.27 2 6759.42 15 8360.63 3 
5457.02 2 6841.86 15 8364.0 3 
5457.47 2 6850.21 15 8385.0 3 
5568.81 53 6924.2 15 8385.7 3 
5634.83 9 6932.4 15 8394.2 3 

6094.65 22 6952.13 15 
6399.41 16 8355.6 3 

Lawrence [1] has accurately measured the lifetime of the first excited state with the delayed* 
coincidence method. Using LS-coupling, we have derived the /-values for ali components of the 
resonance multiplet. Foster [3] and Hey [4] have measured some /-values with vortex and wall- 
stabilized arcs respectively, while Bengtson [2] has performed emission intensity measurements 
with a conventional shock tube. When their measurements and the Coulomb approximation overlap, 
the individual deviations from the adopted averages are within 25 percent. 

For numerous other transitions, including those involving shell-equivalent electrons, the 
Coulomb approximation has been employed in order to have data available for some of the more 
prominent lines in this spectrum. From the gen* ral success of this method and from comparisons 
with analogous transitions in other ions, uncertainties of 50 percent are normally expected. Beng- 
tson 12] has measured one multiplet involving shell-equivalent electrons for which the Coulomb 
approximation was calculated (3p^3diD"—3p^4tpiP) and the results are almost identical. However, 
this close agreement could be accidental and the uncertainties should in general be somewhat 
larger for transitions involving shell-equivalent electrons. 

References 

[1] Lawrence, C. M., private communication (1968) and to be published. 
[2] Bengtson, R. D., Thesis Maryland (1968) and to be published. 
[3] Foster, E. W„ Proc. Phys. Soc. London A80, 882-893 (1%?). 
[4] Hey, P., Z. Physik 157, 79-88 (1959). 

Oil.     Allowed Transitions 

No. Transition 
Array 

Multiplet A(A) £Kcm-') £*(cin-') gt gk AMW 
sec"1) 

A S(at.u.) . 'og gf Accu- 
racy 

Source 

1 3s«3p4-3s3p» »P-»P° 
(luv) 

1071.3 343 93685 9 9 1.12 0.0193 0.61 -0.76 C 1 

1071.05 0 93367 5 5 0.84 0.0144 0.254 -1.143 C Is 
1071.76 697 93999 3 3 0.280 0.00482 0.051 -1.84 c Is 
1063.83 0 93999 5 3 0.477 0.00485 0.085 -1.62 c Is 

[1068.0] 697 94333 3 1 1.13 0.0064 0.068 -1.72 c Is 
1079.08 697 93367 3 5 0.274 0.0080 0.085 -1.62 c Is 

[1075.2] 9% 93999 1 3 0.369 0.0192 0.068 -1.72 c Is 

2 D>3d- »D°-»P 
(2) 

54383 110. 8 128686 25 15 0.25 0.065 29 0.21 D 2 

5423.25 110296 128730 9 7 0.18 0.062 9.9 -0.26 D 2, Is 
5443.42 110297 128663 7 5 0.15 0.047 6.0 -0.48 D 2,/i 
5456.27 110300 128622 5 3 0.084 0.022 2.0 -0.95 D Is 
5423.52 110297 128730 7 7 0.037 0.016 2.0 -0.95 D 2, Is 
5444.25 110300 128663 5 5 0.095 0.047 4.2 -0.63 D 2,/s 
5457.02 110302 128622 3 3 0.11 0.048 2.6 -0.84 D Is 
5424.36 110300 128730 5 7 0.0056 0.0035 0.31 -1.76 E 2, Is 
5444.99 110302 128663 3 5 0.024 0.020 1.1 -1.23 D- 2, Is 
5457.47 110304 128622 1 3 0.048 0.064 1.2 -1.19 D- Is 
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Clll.     Allowed Transitions—Continued 

No. Transition 
Array 

3p»(*D°)4p' 

9 

10 

11 

12 

13 

14 

15 

16 

3^3^"- 
Sp^pPW 

Multiplet 

»D°-'P 
(5) 

'D°-'F 
m 

■D°-'D 
(10) 

«P-iD 
(11) 

(12) 

(13) 

ip_ip 
.'23) 

>P_«D 
(47) 

'P°-'P 
(48) 

'P-'S 
(49) 

lD°-'.T) 
(50) 

"D°-'P 
(51) 

3p_30 
(54) 

X(A) 

»P°_äP 
(58) 

8368.2 

8360.63 
8364.0 
8385.0 
8355.6 
8394.2 
8385.7 

3829.27 

3147.86 

3161.44 

4970.2 

4995.52 
4970.12 
4925.17 
4936.99 
4924.28 

[4893.1] 

4792.9 

4819.79 
4781.82 
4755.64 
4836.79 
4798.40 
4765.30 
4739.42 

5634.83 

4943.24 

4544.48 

3843.26 

5175.85 

4740.40 

6855.7 

6759.42 
6850.21 
6952.13 
6841.86 
[6932.4] 
[6924.2] 

6399.41 

Wem-') Wem"1) 

7/9873 

119810 
119799 
119842 
119799 
'.19842 
119842 

121499 

121499 

121635 

126276 

126457 
126219 
126032 
126219 
126032 
126032 

126276 

126457 
126219 
126032 
126457 
126219 
126219 
126032 

127727 

139350 

139350 

139350 

140259 

140259 

144139 

143996 
144175 
144344 
144175 
144344 
144344 

146043 

131763 

131767 
131755 
13)768 
131767 
131755 
131767 

147606 

153257 

153257 

1463% 

146469 
146334 
146330 
146469 
116334 
116469 

147140 

147198 
147126 
147054 
147126 
147054 
147198 
147126 

145469 

159574 

gi 

158768 

158786 
158769 
158724 
158786 
158769 
158786 

161635 

5 

7 

21 

9 
7 
5 
7 
5 
5 

21 

9 
7 
5 
9 
7 

gk 

161348     3 

165362 

159574 

161348 

5 

5 

15 

7 
5 
3 
7 
5 
7 

21 

9 
7 
5 
7 
5 
9 
7 

4*.(10» 
sec"') 

3     5 

0.13 

0.11 
0.096 
0.13 
0.019 
0.032 
0.0013 

0.0095 

0.14 

0.23 

0.14 

0.13 
0.13 
0.15 
0.012 
0.016 
3.3 X \Q-* 

0.056 

0.051 
0.047 
0.050 
0.0044 
0.0062 
0.1,035 
0.0045 

0.095 

0.0028 

0.082 

1      0.42 

0.039 

0.24 

0.14 

0.13 
0.12 
0.13 
0.011 
0.015 
3.1 X MM 

0.04ft 

/* 

0.082 

0.081 
0.060 
0.045 
0.020 
0.034 
0.0022 

0.0029 

0.02! 

0.024 

0.038 

0.039 
0.034 
0.032 
0.0042 
0.0059 
1.7X10« 

0.019 

0.018 
0.016 
0.017 
0.0012 
0.0015 
0.0015 
0.0021 

0.045 

0.0017 

S(at.u.) 

0.025 

0.031 

0.016 

0.048 

0.070 

0.069 
0.062 
0.058 
0.0077 
0.011 
3.1X10- 

0 024 

34 

16 
8.3 
3.7 
2.8 
2.8 
0.19 

0.19 

1.1 

1.8 

13 

5.7 
3.9 
2.6 
0.48 
0.48 
0.014 

6.4 

2.6 
1.8 
1.3 
0.17 
0.17 
0.17 
0.16 

2.5 

0.083 

1.1 

1.2 

1.3 

3.7 

33 

14 
9.7 
6.7 
1.2 
1.2 
0.035 

2.6 

log«/" 

0.09 

-0.25 
-0.52 
-0.87 
-0.99 
-0.99 
-2.17 

-183 

-0.98 

-0.77 

-0.10 

-0.46 
-0.62 
-0.80 
-1.53 
-1.53 
-3.08 

-0.39 

-0.79 
-0.95 
-1.07 
-1.96 
-1.97 
-1.97 
-1.98 

-0.87 

-2.29 

-1.12 

-1.03 

-1.10 

-0.62 

0.17 

-0.20 
-0.36 
-0.53 
-1.27 
-1.27 
-2.81 

-0.91 

Accu 
racy 

E 
E 
E 
E 
E 
E 

E 
E 
E 
E 
E 
E 

E 
E 
E 
E 
E 
E 
E 

Source 

E 

E 

E 
E 
E 
E 
E 
E 

Is 
1$ 
Is 
Is 
Is 
Is 

ca 

Is 
Is 
Is 
Is 
Is 
Is 

ca 

ca 

ca 

ca 

ca 

Is 
Is 
Is 
Is 
Is 
Is 

ca. Is 
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Cl II.  Allowed Transitions—Continued 

No. Transition 
Array 

Multiple) X(A) /ji(cirr') £*(cm-') ft ft ^itlO» 
se< •"') 

fa S(at.u.) loKfi/" Accu- 
racy 

Source 

17 3p»4j_ 

3/^SMp 
Sgo_jp 

^ (1) 
4806.1 

4794.54 

107879 

107879 

728686 

128730 

5 15 

7 

1.14 

1.18 

1.19 

0.57 

94 

44.9 

0.77 

0.455 

C 

C 

2,3, 
4, ca 

2. 3, 4, 
ca. Is 
2,3, 
c«. Is 
2.3, 

ca. Is 

4810.06 107879 128663 5 1.13 0.392 31.0 0.292 C 

4819.46 107879 128622 5 3 l.M 0.232 18.4 0.064 c 

18 3go_3p 

(3) 
5220.6 

5217.93 
5221.34 
5217.93 

112608 

112608 
112608 
112608 

131763 

131767 
131755 
131768 

3 

3 
3 
3 

9 

5 
3 
! 

0.77 

0.77 
0.77 
0.77 

0.94 

0.52 
0.315 
0.11 

48.7 

27.0 
16.2 
5.4 

0.450 

0.19.» 
-0.025 
-0.50 

c 
c 
c 
D 

2,3, ca 

Is 
Is 
Is 

19 3/y>45'- 3D"-'D 
(16) 

5092.2 

5078 25 
5103.04 
5099,30 
5113.36 
5104.08 
5068.10 
5098.34 

126753 

126783 
126743 
126725 
126783 
126743 
126743 
126725 

1463% 

146469 
146334 
146330 
146334 
146330 
146469 
146334 

15 

7 
5 
3 
7 
5 
5 
3 

15 

7 
5 
3 
5 
3 
7 
5 

0.86 

0.77 
0.59 
0.64 
0.13 
0.21 
0.097 
0.13 

0.33 

0.30 
0.23 
0.25 
0.037 
0.050 
0.052 
0.084 

84 

35 
19 
13 
4.4 
4.2 
4.4 
4.2 

0.70 

0.32 
0.06 

-0.12 
-0.59 
-0.60 
-0.58 
-0.60 

D 

D 
D 
D 
D- 
D- 
D- 
D- 

ca 

Is 
Is 
Is 
Is 
Is 
Is 
Is 

20 3D°_3F 
(17) 

4906.3 

4896.77 

126758 

126783 

147140 

147198 

15 

7 

21 

9 

0.90 

0.88 

0.45 

0.41 

110 

46 

0.83 

0.46 

D 

D 

2,ca 

2, ca. 
Is 
Is 
Is 
Is 
Is 
Is 

4904.76 
4917.72 
4914.32 
4922.14 
[4933.2] 

126743 
126725 
126783 
126743 
126783 

147126 
147054 
147126 
147054 
147054 

5 
3 
7 
5 
7 

7 
5 
7 
5 
5 

0.81 
0.75 
0.10 
0.14 
0.0041 

0.41 
0.45 
0.036 
0.051 
0.0011 

3J 
22 
4.1 
4.1 
0.12 

0.31 
Ö.13 

-0.60 
-0.59 
-2.11 

D 
D 
D- 
D- 
E 

21 3ße_3p 

(19) 
4326.0 

4343.62 

126758 

126783 

149874 

149798 

15 

7 

9 

5 

1.0 

0.84 

0.17 

0.17 

36 

17 

0.41 

0.08 

D 

D 

2, ca 

2, ca. 
Is 
Is 
Is 
Is 
Is 
Is 

4307.42 
4291.76 
4336.26 
4304.07 
[4334.1] 

126743 
126725 
126743 
126725 
126725 

149952 
150019 
149798 
149952 
149798 

5 
3 
5 
3 
3 

3 
1 
5 
3 
5 

0.76 
1,0 
0.15 
0.25 
0.010 

0.13 
0.094 
0.042 
0.071 
0.0047 

9.0 
4.0 
3.0 
3.0 
0.20 

-0.19 
-0.55 
-0.68 
-0.67 
-1.85 

D- 
D- 
D- 
D- 
E 

22 «D'-<P 
(26) 

6094.65 129065 145469 5 3 0.53 0.18 18 -0.05 D ca 

23 'D°-'F 
(28) 

.392.12 129065 147606 5 7 0.89 0.54 48 0.43 D 2,ca 

24 ■D°-'D 
(29) 

4132.48 129065 153257 5 5 1.6 0.41 28 0.32 Ü ca 

25 3p>4s"- 
3p»(*P°)4p" 

3po_3S 

(39) 
4917.4 

4924.83 
4907.17 
[4900.3] 

137841 

137878 
137804 
137770 

158177 

158177 
158177 
158177 

9 

5 
3 
1 

3 

3 
3 
3 

0.97 

0.52 
0.32 
0.11 

0.11 

0.11 
0.11 
0.11 

17 

9.2 
5.5 
1.8 

0.02 

-0.25 
-0.47 
-0.94 

D 

D 
D 
D 

ca 

Is 
Is 
Is 

26 .ipo_3[) 

(40) 
4778.5 

4781.32 
4768.68 
4771.09 
4785.44 
4778.93 
[4797.1] 

137841 

137878 
137804 
137770 
137878 
137804 
137878 

158768 

158786 
158769 
158724 
158769 
158724 
158724 

9 

5 
3 
1 
5 
3 
5 

15 

7 
5 
3 
5 
3 
3 

i.O 

1.0 
0.77 
0.57 
0.26 
0.43 
0.028 

0.59 

0.49 
0.44 
0.58 
0.088 
0.15 
0.0058 

83 

39 
21 
9.2 
6.9 
6.9 
0.46 

0.72 

0.39 
0.12 

-0.23 
-0.36 
-0.36 
-1.54 

D 

D 
D 
D- 
D- 
D- 
E 

ca 

Is 
Is 
Is 
Is 
Is 
Is 
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Cl Ji. Allowed Transitions—Continued 

No. Transition 
Array 

Multiplet A(A) £i(cm"') £*(cm-') « f!k -4*i<10" 
sec1) 

f* S(at.u.) log«f Accu- 
racy 

Source 

27 spo_.ip 

(43) 
4200.8 137341 161646 9 9 1.5 0.39 49 0.55 D ca 

4208.03 137878 161635 5 5 1.1 0.29 20 0.17 D Is 
4191.59 137804 161655 3 3 0.37 0.098 4.1 -0.53 D- Is 
4204.54 137878 161655 5 3 0.62 0.098 6.8 -0.31 D- Is \ | 4188.82 13/804 161671 3 I 1 1.5 0.13 5.4 -0.41 D- Is 
4195.11 137804 161635 3 5 0.37 0.16 6.8 -0.31 D- Is 

«. 
4185.61 137770 161655 1 I 3 0.50 0.39 5.4 -0.41 D- Is 

28 'P°_"D 
(45) 

4771.66 138623 159574 3 5 1.0 0.59 28 0.25 D ca 

1        29 ipo_ip 

(46) 
4399.14 1J-8623 161348 3 3 1.3 0.38 17 0.06 D ca 

1        30 
3/r*4p— 

3p*es°yid 
5P-5D0 

(25) 
3855.6 128686 154622 15 25 2.7 1.0 190 1.18 D ca 

|j 3860.80 128730 154624 7 9 2.7 0.77 68 0.73 D Is 
II 3850.97 128663 154623 5 7 1.8 0.56 35 0.45 D Is 
1 3845.42 128622 154620 3 5 0.94 0.35 13 0.02 D Is 
E 3860.98 128730 154623 7 7 0.89 0.20 18 0.14 D Is I 3851.38 128663 154620 5 5 1.6 0.35 22 0.24 D Is 
1 3845.69 128622 154618 3 3 2.0 0.45 17 0.13 D Is 
l 3861.40 128730 154620 7 5 0.18 0.028 2.5 -0.70 D- Is 
1 3851.69 128663 154618 5 3 0.67 0.090 5.7 -0.35 D- Is 
1 3845.84 128622 154617 3 1 2.7 0.20 7.6 -0.22 D- Is 

I       31 3
P—3D° 

(37) 
3321.2 131763 161873 9 15 1.4 0.40 39 0.55 D ra 

E 3329.12 131767 161797 5 7 1.5 0.34 19 0.23 D 1, 
I 3315.44 131755 161908 3 5 1.1 0.29 9.6 -0.05 D Is 
1 3307.90 131768 161990 1 3 0.78 0.38 4.2 -0.42 D- Is 
B 331686 131767 161908 5 5 0.36 0.059 3.2 -0.53 D- Is 

: 3306.45 131755 161990 3 3 0.58 0.095 3.1 -0.54 D- Is 
\ [3308.7] 131767 161990 5 3 0.039 0.0038 0.21 -1.72 E Is 

32 3p34//- 'P-'D° 3022.93 145469 178539 3 5 0.60 0.14 4.1 -0.38 D ca 

1 
|     33 

3/J3(2D°)4t/' (57) 

ip_ ip'- 2906.25 145469 179867 3 3 0.86 0.11 3.1 -0.48 D ca 
(14 uv) 

34 3D—3F° 3805.9 746.396 172671 15 21 1.8 0.53 100 0.90 D ca 
(62) 

3805.24 146469 172741 7 9 1.8 0.51 44 0.55 D Is 1 3798.80 146334 172650 5 7 1.6 0.49 31 0.39 D Is 
3809.51 146330 172573 3 5 1.5 0.55 21 0.22 D Is 
3818.41 146469 172650 7 7 0.20 0.044 3.9 -0.51 D- Is 

1 3810.10 146334 172573 5 5 0.28 0.062 3.9 -0.51 D- Is 
[3830.8] 146469 172573 7 5 0.0080 0.0013 0.11 -2.05 E Is 

35 »D-3D° 
(64) 

3517.0 1463% 174829 15 15 1.6 0.29 51 0.64 D ca 

3522.14 146469 174853 7 7 1.4 0.26 21 0.26 D Is 
3509.39 146334 174821 5 5 1.1 0.20 12 0.00 D Is 
3513.22 146330 174786 3 3 1.2 0.22 7.6 -0.18 D Is 
3526.13 146469 174821 7 5 0.24 0.032 2.6 -0.64 D- Is 
3513.69 146334 174786 5 3 0.39 0.044 2.5 -0.66 D- Is 
3505.44 146334 174853 5 7 0.17 0.045 2.6 -0.65 D- Is 
3508.94 146330 174821 3 5 0.24 0.072 2.5 -0.66 D- Is 

h            36 »D-'P0 

(65) 
3186.1 146396 177782 15 9 0.38 0.034 5.4 -0.29 D ca 

3189.04 146469 177817 7 5 0.19 0.020 1.5 -0.85 D Is 
[3182.7 146334 177754 5 3 0.39 0.035 1.8 -0.76 D IS 
[3188.4 146330 177694 3 1 0.52 0.026 0.83 -1.10 D- Is 
3176.3' 146334 177817 5 5 0.076 0.011 0.60 -1.24 D- Is 
3182.3 146330 177754 3 3 0.13 0.020 0.61 -1.23 D- Is 
[3175.9 146330 177817 3 5 0.0051 0.0013 0.040 -2.42 E Is 
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ClH.    Allowed Transitions—Continued 

No. 

37 

38 

39 

40 

41 

42 

43 

Transition 
Array 

44 

45 

46 

Multiple! K(K) 

(68) 

»F-W 
(70) 

jF-'P 
(72) 

'F-'D° 
(73) 

3p_3rj"> 
(76) 

3P—3S° 
(77) 

3p_3p« 
(78) 

3pHp"- 
Sp'CPW' 

3p>4p- 
SpWJSs 

■D-'D° 
(82) 

3D-'P 
(84) 

»P-»S° 
(24) 

3916.8 

3913.92 
3916.70 
3917.57 
3929.0 
3929.7 
3904.0' 
3906.9 

3611.5 

3615.09 
3610.8 
3605.9 
3606.6 
3601.4 
3597.3 

3781.23 

3231.75 

4007.2 

3990.19 
4020.06 
4036.53 
3996.3 
4026.7 
4001.9; 

3629.9 

3618.88 
3635.19 
3648.07 

3583.2 

3568.04 
T3596.9] 
3576.00 
3603.72 
3587.78 
3604.51 

3954.21 

3864.6 

3868.62 
3861.95 
3854.75 
3864.60 
[3862.6 
[3865.2 

4246.8 

4253.51 
4241.38 
4234.09 

£i(cnr') 

147140 

147198 
147126 
147054 
147198 
147126 
147126 
147054 

147140 

147198 
147126 
147054 
147126 
147054 
147054 

147606 

147606 

149874 

149798 
149952 
150019 
149798 
149952 
149798 

149874 

149798 
149952 
150019 

149874 

149798 
149952 
149798 
149952 
149952 
150019 

153257 

758768 

158786 
158769 
158724 
158786 
158769 
158786 

128686 

128730 
128663 
128622 

£*(cm-') 

77267/ 

172741 
172650 
172573 
172650 
172573 
172741 
172650 

174829 

174853 
174821 
174786 
174853 
174821 
174853 

174045 

178539 

174829 

174853 
174821 
174786 
174821 
174786 
174786 

177423 

177423 
177423 
1774?3 

177782 

177817 
177754 
177754 
177694 
177817 
177754 

178539 

184644 

184628 
184655 
184658 
184655 
184658 
184658 

152233 

152233 
152233 
152233 

Hi Hk 

21 

9 
7 
5 
7 
5 
9 
7 

15 

7 
5 
3 
7 
5 
7 

21 

9 
7 
5 
7 
5 
5 

AkilW 
sec"1) 

0.88 

0.82 
0.74 
0.78 
0.70 
0.097 
0.055 
0.070 

0.17 

0.16 
0.16 
0.18 
0.014 
0.020 
4.0 X10-4 

0.87 

0.12 

0.82 

0.84 
0.62 
G.46 
0.21 
0.35 
0.023 

2.1 

1.2 
0.72 
0.24 

1.6 

1.2 
0.39 
0.66 
1.6 
0.39 
0.52 

1.1 

2.7 

2.7 
2.4 
2.2 
0.30 
0.41 
0.012 

1.8 

0.84 
0.C0 
0.36 

fa 

0.20 

0.19 
0.17 
0.18 
0.13 
0.016 
0.016 
0.022 

0.024 

0.025 
0.022 
0.021 
0.0027 
0.0038 
1.1 X10-« 

0.19 

0.014 

0.33 

0.28 
0.25 
0.34 
0.050 
0.084 
0.0033 

0.14 

0.14 
0.14 
0.14 

0.30 

0.22 
0.076 
0.075 
0.10 
0.13 
0.31 

0.26 

0.84 

0.77 
0.74 
0.83 
0.066 
0.092 
0.0019 

0.16 

0.16 
0.16 
0.16 

Slat.u.) 

55 

22 
15 
12 
1.5 

"1.5 
1.4 
1.4 

6.1 

2.6 
1.8 
1.2 
0.23 
0.23 
0.0064 

16 

1.0 

39 

18 
10 
4.5 
3.3 
3.3 
0.22 

15 

8.5 
5.2 
1.7 

32 

13 
2.7 
4.4 
3.7 
4.5 
3.6 

17 

160 

68 
47 
32 
5.9 
5.9 
0.17 

34 

16 
11 
6.8 

log«/" 

0.63 

0.23 
0.07 

-0.05 
-0.95 
-0.95 
-0.95 
-0.95 

-0.29 

-0.66 
-0.82 
-0.99 
-1.72 
-1.72 
-3.27 

0.12 

-1.02 

0.47 

0.15 
-0.12 
-0.47 
-0.60 
-0.60 
-1.78 

0.10 

-0.15 
-0.37 
-0.84 

0.43 

0.05 
-0.64 
-0.42 
•0.51 
-0.42 
-0.51 

0.11 

1.10 

0.73 
0.57 
0.40 

-0.33 
-0.33 
-1.88 

0.39 

0.06 
-C09 
-0.31 

Accu- 
racy 

Source 

D 
D 
D 
E 
E 
E 
E 

D 
D 
D 
E 
E 
E 

D 

D 

D 
D 
D- 
D- 
D- 
E 

D 
D 
D 

D 

D 
D- 
D- 
D- 
D- 
D- 

D 

D 
D 
D 
D- 
D- 
E 

D 
D 
D 
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CllI-     Allowed Transitions — Continued 

N.i. Transition 
Array 

Multiple« x(Ai £,(cm-') £*(cm-') .« AT* ^i(10" 
sec-1) 

/;* S(at.u.) log tf Accu- 
racy 

SCUT? 

47 3p_3S« 
(35) 

4571.5 131763 153633 9 3 1.6 0.17 23 0.18 D ca 

4572.13 131767 153633 5 3 0.92 0.17 13 -0.06 D Is 
4569.42 131755 153633 3 3 0.55 0.17 7.8 -0.29 D Is 
4572.13 131768 153633 1 3 0.18 0.17 2.6 -0.76 D Is 

48 3pä4p'- 
3pW)5j' 

<P_<D° 
(55) 

3883.80 145469 171209 3 5 0.33 0.13 4.3 -0.42 D ca 

49 3D-3D° 
(60) 

4140.1 1463% 170550 15 15 0.59 0.15 31 0.36 D ca 

4147.09 146469 170576 7 7 0.53 0.14 13 -0.02 D Is 
4130.86 146334 170535 5 5 0.41 0.11 7.2 -0.28 D Is 
4133.66 146330 170515 3 3 0.45 0.11 4.7 -0.47 D Is 
[4155.2] 
[4135.5] 

146469 170535 7 5 0.092 0.017 1.6 -0.92 D- Is 
146334 170515 5 3 0.15 0.023 1 f -0.94 D- Is 

4124.00 146334 170576 5 7 0.066 0.023 1.6 -0.93 D- Is 
[4131.4] 146330 170535 3 5 0.089 0.038 1.5 -0.94 D- Is 

50 3F—3D° 
(66) 

4271.7 147140 170550 21 15 0.83 0.16 48 0.53 D ca 

4276.51 147198 170576 9 7 0.76 0.16 21 0.16 D Is 
4270.61 147126 170535 7 5 0.74 0.14 14 0.00 D Is 
4261.22 147054 170515 5 3 0.83 0.14 9.5 -0.17 D Is 
[4264.4 147126 170576 7 7 0.066 0.018 1.8 -0.90 D- Is 
4258.8' 147054 170535 5 5 0.092 0.025 1.8 -0.90 D- Is 
4251.3' 147054 170576 5 7 0.0019 7.1 X10~« 0.050 -2.45 E Is 

51 'F-'D0 

(71) 
4235.49 147606 171209 7 5 0.80 0.15 13 0.03 D ca 

52 3P—3D° 
(74) 

4836.5 149874 170550 9 15 0.33 0.20 28 0.25 D ca 

4811.57 149798 170576 5 7 0.34 0.17 13 -0.08 D Is 
4857.04 149952 170535 3 5 0.25 0.15 7.2 -0.35 D Is 
4879.0 150019 170515 1 3 0.19 0.20 3.2 -0.70 D- Is 
4822.3' 149798 170535 5 5 0.085 0.030 2.4 -0.83 D- Is 
4863.1 149952 170515 3 3 0.14 0.050 2.4 -0.82 D- Is 
4827.0' 149798 170515 5 3 0.0095 0.0020 0.16 -2.00 E is 

53 'D-'D° 
(80) 

5568.81 153257 171209 5 j 0.50 0.23 21 0.07 D ca 

54 3pMp"- 3D—3P° 
(83) 

4229.6 /587Ö8 182411 15 9 0.98 0.16 33 0.37 D ca 

4224.92 158786 182449 7 5 0.82 0.16 15 0.04 D ts 
4235.49 158769 182372 5 3 0.74 0.12 8.3 -0.23 D Is 
4234.8 158724 182338 3 1 0.99 0.088 3.7 -0.58 D- Is 
'4223.0' 158769 182449 5 5 0.15 0.039 2.7 -0.71 D- Is 
'4228.7' 158724 182372 3 3 0.25 0,066 2.8 -0.70 D- Is 
4215.0 158724 182449 3 5 0.0098 0.0043 0.18 -1.88 E Is 

55 3pHp- 
3p3(<S°)5d 

»P-»D° 
(11 uv) 

2434.10 128730 169800 7 9 0.72 0.082 4.6 -0.24 D- ca. Is 
2430.16 128663 169800 5 7 0.48 0.059 2.4 -0.53 D- ca. Is 
2427.79 128622 169800 3 5 0.25 0.037 0.89 -0.95 D- ca. Is 
2434.10 128730 169800 7 7 0.24 0.021 1.2 -0.83 n- ca. Is 
2430.16 128663 169800 5 5 0.42 0.037 1.5 -0.73 D- ca. Is 

56 'P-3D° 
(13 uv) 

2548.6 131763 171000 9 15 0.78 0.13 9.5 0.05 D- ca 

2549.85 131767 170974 5 7 0.76 0.10 4.4 -0.28 D- Is 
2546.94 131755 171006 3 5 0.58 0.094 2.4 -0.55 D- Is 
2544.84 131768 171052 1 3 0.43 0.13 1.1 -0.90 D- Is 
2547.76 131767 171006 5 5 0.19 0.019 0.79 -1.03 E Is 
2543.98 131755 171052 3 3 0.33 0.032 0.79 -1.02 E Is 
[2545.5 1 131767 171052 5 3 0.022 0.0013 0.053 -2.20 E Is 
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Clll. Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! MÄ) £i(cm-') £/t(cnr') m A •<»•(( 10" 
sec"1) 

/•*■ ■S'lat.u.) ■'>££/■ Accu- 
racy 

Source 

57 
3p3(«S°)6s 

»P_5g0 

(10 uv) 
2500.8 '28686 168674 15 5 0.67 0.02! 2.6 -0.50 D ca 

2502.75 128730 168674 7 5 0.31 0.021 1.2 -0.83 D Is 
2498.5?, 128663 168674 5 5 0.22 0.021 0.86 -0.98 D Is 
2496.04 128622 168674 3 5 0.13 0.021 0.51 -1.20 1) Is 

58 3P—3S° 
(12 uv) 

2f,67.0 131763 169247 9 3 0.61 0.022 1.7 -0.71 D ca 

2667.36 131767 169247 5 3 0.34 0.022 0.97 -0.% D Is 
2666.46 131755 169247 3 3 0.21 0.022 0.58 -1.18 D Is 
2667.36 131768 169247 1 3 0.069 0.022 0.19 -1.66 D Is 

cm 
Forbidden Transitions 

The adopted values have been derived from Naqvi [1], and Czyzak and Krueger [2]. Since 
their methods are essentially alike, Naqvi's and Czyzak and Krueger's magnetic dipole transi- 
tions have normally been averaged, except for the 3P—'S transition where configuration inter- 
action is impo.tsnt. In this case Czyzak and Krueger's empirically derived value has been pre- 
ferred over Naqvi's, which is based purely on theory (see also General Introduction). 

References 
[1] Naqvi. A. M.. Tl>sis Harvard (1951). 
[2] Csyak. S. J. & Krueger, T. K., Monthly Notices Roy. Astron. Soc. 126, 177-194 (1963). 

Cl II. Forbidden Transitions 

No. 
Tran- 
sition 
Array 

Multiplct MÄ) £,(cm-') £*<cm-') A'* Hk Type of 
Transition 

/Jj-Ksec-') S(at.u.) Accu- 
racy 

Source 

1 3p«-3p« ap_ap 
14.34 X10«] 
14.34 xl0<] 
10.04x10« 
33.44X10« 

0 
0 
0 

697 

697 
697 
9% 
9% 

5 
5 
5 
3 

3 
3 
1 
1 

e 
m 
e 
m 

6.0 x 10-" 
0.00762 
4:78X10-' 
0.00144 

6.5 
2.50 
2.90 
2.00 

C 
A 
C 
A 

2 
1 
2 
1 

2 »P-'D 
(IF) 

8579.5 
8579.5 
9125.8 
9125.8 

[9381.151 

0 
0 

697 
697 
996 

11652 
11652 
11652 
11652 
11652 

5 
5 
3 
3 
1 

5 
5 
5 
5 
5 

e 
m 
e 
m 
e 

5.5 * 10-« 
0.103 
5.8 x 10-» 
0.0293 
1.2X10 -» 

0.076 
0.0121 
0.011 
0.004)3 
0.002C 

D 
C 
D 
C 
D 

2 
1.2 

2 
1.2 

2 

3 »P-'S 
(2F) 

3583.2 
3675.0 

0 
697 

[27W0] 
[27900] 

5 
3 

1 
1 

e 
m 

0.018 
1.34 

0.0063 
0.00247 

D 
C 

2 
2 

4 'D-'S 
(3F) 

6152.9 11652 [27900] 5 1 e 2.29 12.0 C 2 
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Cliii 

Ground State 

limitation Potential 39.90 eV = 321936 cm > 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [A] No. Wavelength |A] No. 

1005.28 1 2439.9 29 2991.82 15 
1008.78 1 2442.47 26 3104.46 10 
1015.02 1 2447.14 26 31J? 34 10 
1798.0 2 2448.58 26 3191.45 10 
1808.51 2 2468.5 17 3244.44 12 

1810.3 2 2469.20 17 3259.32 12 
1817.73 2 2471.07 18 3283.41 9 
1822.50 2 2477.4 17 3289.80 9 
1824.6 2 2431.8 17 3300.9 9 
1828.40 2 2434.27 17 332C.57 12 

1832.08 2 2485.1 l7 3329.06 9 
1833.31 2 2486.91 27 3336.16 12 
1897.8 3 2504.23 17 3340.42 9 
1898.9 3 2510.92 17 3386.22 14 
1901.61 3 2519.45 17 3387.60 9 

1912.90 3 2531.76 23 3392.89 14 
1914.1 3 2532.48 23 3393.45 14 
1916.5 3 2533.9 27 3400.2 14 
1917.87 3 2540.9 23 3530.03 13 
1920.3 3 2542.7 17 3553.3 13 

2231.2 25 2562,5 27 3560.68 13 
2253.07 25 2577.13 20 3602.10 8 
2255.7 25 2580.67 20 3612.85 8 
2268.95 25 2601.16 16 3622.69 8 
2278.34 25 2603.59 16 3656.95 8 

2283.93 25 2609.50 16 3670.28 8 
2291.38 25 2616.97 16 3682.05 8 
2291.8 25 2618.78 16 3683.39 6 
2291.8 21 2620.05 24 3688.0 5 
2298.51 21 2624.71 24 3705.45 8 

2340.64 21 2632.67 24 3707.34 5 
2347.7 21 2633.18 16 3720.45 11 
2359.67 28 2639.1 20 3725.7 6 
2359.9 28 2648.8 16 3741.7 8 
2370.37 28 2651.19 16 3748.81 11 

2372.7 18 2661.65 19 3759.0 6 
2379.47 26 2662.3 19 3824.47 5 
2379.8 18 2663.2 19 3850.8 11 
2387.3 18 2665.54 19 3991.50 4 
2394.73 18 2669.6 19 4018.50 4 

2403.32 26 2670.5 19 4059.07 4 
2409.4 18 2675.7 16 4087.2 4 
2416.42 26 2682.5 22 4104.23 4 
2419.5 18 2691.4 19 4106.83 4 
2422.47 26 2691.52 22 4124.1 4 

2434.8 18 2699.6 19 4591.1 i 
2435.8 29 2710.37 22 4604.5 7 
2436.1 29 2965Ü56 15 4608.21 7 
2439.69 29 2970.67 15 

W8-022O-W—14 
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Varsavsky [1] has calculated a value for one multiple! of this ion using the screening-approxi- 
mation method; this number should be quite uncertain (probably too high, as judged from com- 
parisons in other ions), since the possibly important effects of configuration interaction have been 
neglected entirely. For numerous other transitions, including those involving shell-equivalent 
electrons, the Coulomb approximation has been employed in order to have data available for some 
of the more prominent lines in this spectrum. From the general success of this method and from 
comparisons with analogous transitions in other ions, uncertainties of 50 percent are normally 
expected; however, the uncertainties should be somewhat larger for those transitions involving 
shell-equivalent electrons. 

Reference 

[1] Var»av»ky. C. M., Astrophys. J. Suppl. S<;r. 6, No. 53, 75 (1961). 

Cl III. Allowed Transitions 

No. Transition 
Array 

Multiplet h(k) Eiicm-') £*(cm-') fa gk 4w(10"sec-') h S(at.u.) log«/' Accu- 
racy 

Source 

1 3i'3p» -3*3p« 4S°—*P 
(luv) 

1011.3 0 98883 4 12 26 1.2 16 0.68 E 1 

1015.02 0 98520 4 6 25 0.58 7.8 0.37 E Is 
1008.78 0 99130 4 4 26 0.39 5.2 0.19 E Is 
1005.28 0 99475 4 2 26 0.20 2.6 -0.10 E Is 

2 3p*3d- 
3pVP)4p 

■"F-^D" 
(7 uv) 

7825.7 147077 201850 28 20 1.8 0.065 11 0.26 E ca 

1822.50 147498 202368 10 8 1.7 0.067 4.0 -0.18 E Is 
1828.40 147073 201765 8 6 1.5 0.057 2.7 -0.34 E Is 
1832.08 146750 201332 6 4 1.5 0.050 1.8 -0.53 E Is 
1833.31 146526 201073 4 2 1.8 0.046 1.1 -0.73 E Is 
1808.51 147073 202368 8 8 0.19 0.0094 0.45 -1.12 E Is 
1817.73 146750 201765 6 6 0.32 0.016 0.58 -1.02 E Is 

[1824.61 146526 201332 4 4 0.37 0.018 0.44 -1.13 E Is 
[1798.0' 146750 202368 6 8 0.0096 6.2X10-" 0.022 -2.4.3 E Is 
[1810.3] 146526 201765 4 6 0.018 0.0013 0.031 -2.28 E Is 

3 «D-'P0 

(8uv) 
1908.1 151907 204316 20 12 1.7 0.0S4 6.8 0.03 E ca 

1901.61 151954 204541 8 6 1.3 0.054 2.7 -0.36 E Is 
1912.90 151849 204124 6 4 1.0 0.038 1.4 -0.64 E Is 
1917.87 151880 204022 4 2 0.83 0.023 0.58 -1.04 E Is 
1897.8 151849 204541 6 6 0.30 0.016 0.61 -1.01 E Is 
1914.1 151880 204124 4 4 0.53 0.029 0.73 -0.93 E Is 
1920.3 151946 204022 2 0.83 0.046 0.58 -1.04 E Is 
1898.9 151880 204541 4 6 0.033 0.0027 0.068 -1.97 E Is 
1916.5; 151946 204124 2 4 0.083 0.0091 0.11 -1.74 E Is 

4 «p_«p° 
(7) 

4045.8 179599 204316 12 12 0.19 0.048 7.6 -0.24 E ca 

3991.50 179495 204541 6 6 0.14 0.033 2.6 -0.70 E Is 
[4087.21 
[4124.1] 

179664 204124 4 4 0.025 0.0063 0.34 -1.60 E Is 
179781 2G4022 2 0.031 0.0078 0.21 -1.81 E !s 

4059.07 179495 204124 6 4 0.086 0.014 1.1 -1.07 E Is 
4104.23 179664 204022 4 2 0.16 0.020 i.l -1.11 E Is 
4018.50 179664 204541 4 6 0.059 0.021 1.1 -1.07 E Is 
4106.83 179781 204124 2 4 0.078 0.039 1.1 -1.11 E Is 

5 irj_»>:o 

(9) 
3776.4 782656 209136 10 6 0.75 0.097 12 -0.02 E ca 

3824.47 183043 209183 6 4 0.64 0.093 7.0 -0.25 E Is 
3707.34 182076 209042 4 2 0.75 0.077 3.8 -0.51 E Is 
[3688.0] 182076 209183 4 4 0.076 0.015 0.75 -1.21 E Is 

6 3pW~ «n-»p° 3712.1 795083 222022 10 6 0.34 0.043 5.2 -0.37 E ca 
3p»('D)4p' (12) 

3683.39 194960 222101  6 4 0.31 0.043 3.1 -0.59 E Is 
[3759.01 
[3725.7] 

195268 221863  4 2 0.33 0.035 1.7 -086 E Is 
195268 222101 ! 4 4 0.034 0.0071 0.35 -1.55 E Is 
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Olli. Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! X(A) £i(cra-') £*<cm-') gi 8k /IwOO" sec-') /«* S(at.u.) loggf Accu- 
racy 

Source 

7 »F-*D° 
(13) 

4602.6 196148 217875 14 10 0.33 0.075 16 0.02 E ca 

4608.21 196156 217850 8 6 0.31 0.074 9.0 -0.2:. E Is 
[4591.11 
[4604.5] 

196138 217913 6 4 0.33 0.070 6.3 -0.38 E Is 
196138 217850 6 6 0.016 0.0050 0.45 -1.53 E Is 

8 AlMs- «P-«D° 
(1) 

3629.0 174294 201850 12 20 1.7 0.56 80 0.83 D ca 

3602.10 174614 202368 6 8 1.7 0.45 32 0.43 0 Is 
3612.85 174094 201765 4 6 1.2 0.35 17 0.14 D Is 
3622.69 173736 201332 2 4 0.70 0.27 6.6 -0.26 D Is 
3682.05 174614 201765 6 6 0.48 0.098 7.2 -0.23 D Is 
3670.28 174094 201332 4 4 0.86 0.17 8.4 -0.16 D Is 
3656.95 173736 201073 2 2 1.4 0.27 6.5 -0.26 D Is 
[3741.7] 174614 201332 6 4 0.077 0.011 0.79 -1.19 E Is 
3705.45 174094 201073 4 2 0.26 0.027 1.3 -0.97 E Is 

9 «P-<P° 
(2) 

3330.9 174294 204316 12 12 2.2 0.36 48 0.64 D ca 

334042 174614 204541 6 6 1.5 0.25 17 0.18 D Is 
3329.06 174094 204124 4 4 0.29 0.048 2.1 -0.72 E Is 
[3300.9] 173736 204022 2 2 0.37 0.060 1.3 -0.92 E Is 
3387.60 174614 204124 6 4 0.93 0.11 7.2 -0.19 D Is 
3340.42 174094 204022 4 2 1.8 0.15 6.6 -0.22 D Is 
3283.41 174094 204541 4 6 0.68 0.16 7.1 -0.18 D Is 
3289.80 173736 204124 2 4 0.93 0.30 6.6 -0.22 D Is 

10 «P-'S° 
(3) 

3160.1 174294 205939 12 4 2.6 C.i3 16 0.19 D ca 

3191.45 174614 205939 6 4 1.2 0.13 7.9 -0.12 D Is 
3139.34 174094 205939 4 4 0.86 0.13 5.2 -0.3i D Is 
3104.46 173736 205939 2 4 0.44 0.13 2.6 -0.59 D Is 

11 2p_2D° 
(5) 

3739.4 178841 205583 6 10 1.6 0.57 42 0.53 D ca 

3720.45 179076 205947 4 6 1.7 0.52 25 0.32 D Is 
3748.81 178370 205037 2 4 1.3 0.57 14 0.05 D Is 
[3850.8] 179076 205037 4 4 0.25 0.055 2.8 -0.65 D- Is 

12 ip _ ip« 

(6) 
3300.» 178841 209136 6 6 2.3 0.38 25 0.2'', D ca 

3320.57 179076 209183 4 4 1.9 0.32 14 0.11 D Is 
3259.32 178370 209042 2 2 1.6 0.26 5.5 -0.29 D Is 
3336.16 179076 209042 4 2 0.76 0.064 2.8 -0.59 D Is 
3244.44 178370 209183 2 4 0.41 0.13 2.8 -0.59 D Is 

13 3pHs'- 
3p«('D)4p 

*D-2P 
(10) 

3543.8 188413 216631 10 It 2.3 0.60 70 0.78 D ca 

3530.03 188390 216710 6 8 1.8 0.46 32 0.44 D Is 
3560.68 188448 216525 4 6 1.7 0.48 22 0.28 D Is 
[3553.3] 188390 216525 6 6 0.12 0.023 16 -0.87 D As 

14 2D-2D° 
(11) 

3394.2 •88413 217875 10 10 2.0 0.35 39 0.54 D ca 

3393.45 188390 2l7a50 6 6 1.9 0.33 22 0.30 D Is 
3392.89 188448 2)7913 4 4 1.9 0.32 14 0.11 D Is 
3386.22 188390 217913 6 4 0.21 0.024 1.6 -0.84 D- Is 
[3400.2] 188448 217850 4 6 0.14 0.036 1.6 — U.öö Is 

15 SD_2po 

(lluv) 
2975.4 188413 222022 10 6 3.1 0.25 24 0.39 D ca 

2965.56 188390 222101 6 4 2.7 0.24 14 0.16 D Is 
2991.82 188448 221863 4 2 3.0 0.20 7.9 -0.10 D Is 
2970.67 188448 222101 4 4 0.30 0.040 1.6 -0.79 D- Is 
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01 III. Allowed Transitions—Continued 

No. Transition 
Array 

Multiplet X(A) £i(cnr') £*(em-') gi £k Ak,aWsec-1) /it S(at.u.) log Kf Accu- 
racy 

Source 

16 3p24p- 
3p»(aP)4rf (12'iv) 

2614.7 201850 240096 20 28 6.5 0.93 160 1.27 D ca 

2616.97 202368 240568 8 10 6.6 58 0.83 D Is 
2609.50 201765 240075 6 8 5.7 40 0.67 D Is 
2603.59 201332 239730 4 6 5.0 0.76 26 0.48 D Is 
2601.16 201073 239506 2 4 4.6 0.94 16 0.28 D Is 
2651.19 202368 240075 8 8 0.92 0.097 6.7 -0.11 D- Is 
2633.18 201765 239730 6 6 1.6 0.16 8.6 -0.01 D- Is 
2618.78 201332 239506 4 4 l.P 0.19 6.5 -0.12 D- Is 
[2675.7] 
[2648.8] 

202368 239730 8 6 0.060 0.0048 0.34 -1.41 E Is 
201765 239506 6 4 0.13 0.0088 0.46 -1.28 E Is 

17 <D°-4D 
(13uv) 

2503.5 201850 241794 20 20 1.8 0.17 28 0.53 D Clt 

2519.45 202368 242046 8 8 1.5 0.15 10 0.07 D Is 
2504.23 201765 241685 6 ö 1.0 0.098 4.8 -0.23 D Is 
2434.27 201332 241572 4 4 0.73 0.068 2.2 -0.47 D Is 
2469.20 201073 241559 2 2 0.93 0.085 1.4 -0.77 D- Is 
[2542.7] 202368 241685 8 6 0.33 0.024 1.6 -0.71 D- Is 
2510.92 201765 241572 6 4 0.63 0.040 2.0 -0.62 D- Is 
2485.1 201332 241559 4 2 0.91 0.042 1.4 -0.77 D- Is 
2481.8 201765 242046 6 8 0.26 0.032 1.6 -0.71 D- Is 
2477.4 201332 241685 4 6 0.43 0.059 1.9 -".63 D- Is 
2468.5 201073 241572 2 4 0.46 0.085 1.4 -0.77 D- Is 

18 4D°-4P 
ll4uv) 

2431.7 201850 242973 20 12 0.21 0.011 1.8 -0.65 D CO 

2471.07 202368 242823 8 6 0.16 0.011 0.74 -1.04 D Is 
2419.5 201765 243081 6 4 0.13 0.0079 0.38 -1.32 D Is 
[2387.3] 
[2434.8] 

201332 243207 4 2 C.ll 0.0047 0.15 -1.73 D- Is 
201765 242823 6 6 0.038 0.0034 0.16 -1.69 D- Is 

2394.73 201332 243081 4 4 0.070 0.0060 0.19 -1.62 D- Is 
2372.7 201073 243207 2 2 0.11 0.0094 0.15 -1.73 D- Is 
2409.4 201332 242823 4 6 0.0043 5.6X10-4 0.018 -2.65 E Is 
2379.8 201073 243081 2 4 0.011 0.0019 0.029 -2.43 E Is 

19 <po_4Q 

(16uv) 
2668.2 204316 241794 12 20 4.8 0.85 90 1.01 D ca 

2665.54 204541 242046 6 8 4.8 0.68 36 0.61 D Is 
2661.65 204124 241685 4 6 3.4 0.54 19 0.33 D Is 
2662.3 204022 241572 2 4 2.0 0.43 7.5 -0.07 D- Is 
2691.4 204,541 241685 6 6 1.4 0.15 8.2 -0.04 D- Is 
2669.6 204124 241572 4 4 2.6 0.27 9.6 0.04 D- Is 
2663.2 204022 241559 2 2 4.0 0.43 7.5 -0.07 D~ Is 
2699.6 204541 241572 6 4 0.23 0.017 0.91 -0.99 E Is 
2670.5 204124 241559 4 2 0.80 0.043 :.5 -0.77 E Is 

20 2Do_'F 

(I8uv) 
2581.6 205.58.? 244318 10 14 4.6 0.65 55 0.81 D en 

2580.67 205947 244685 6 8 4.7 0.63 32 0.58 D Is 
2577.13 205037 243828 4 6 4.3 0.65 22 0.41 D Is 
[2639.1] 205947 . '?St% f> 6 0.29 0.031 1.6 -0.73 E Is 

21 
(19 uv) 

2324.3 20.55a? 248606 10 10 4.5 0.37 28 0.57 D C(l 

2340.64 205947 248658 6 6 4.2 0.35 16 0.32 D Is 
2298.51 205037 248528 4 4 4.2 0.33 10 0.12 D Is 
[2347.7] 205947 248528 6 4 0.47 0.026 1.2 -0.81 D Is 
[2291.8] 205037 248658 4 6 0.34 0.040 1.2 -0.80 I) Is 

22 4S°-4P 
(20 uv) 

2700.2 205939 242973 4 12 3.5 1.2 41 0.66 D 1(1 

2710.37 205939 242823 4 6 3.5 0.57 20 0.36 D Is 
2691.52 205939 243081 4 4 3.5 0.38 14 0.18 D Is 
[2682.5] 205939 243207 4 2 3.5 0.19 6.8 -0.12 D- Is 
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Olli. Allowed Transitions—Continued 

No. Transition 
Array 

Multiplet A(A) £/(cmH) i^cm-') Hi Hk /f*,(10"sec-') /.* S(at.u.) loggf Accu- 
racy 

Source 

23 «pa_«D 
(22 uv) 

2533.6 ■209136 248606 6 10 5.4 0.86 43 0.71 D ca 

2532.48 209183 248658 4 6 5.3 0.77 26 0.49 D Is 
2531.76 209042 248528 2 4 4.4 0.85 14 0.23 D Is 
[2540.9] 209183 248528 4 4 0.88 0.085 2.9 -0.47 E Is 

24 
3/i*('D)4«/' 

2F°-2D 
(23 uv) 

2629.9 216631 254655 14 10 0.43 0.032 3.9 -0.35 D ca 

2632.67 216710 254683 8 6 0.41 0.032 2.2 -0.59 D Is 
2624.71 216525 254613 6 4 0.44 0.030 1.6 -0.74 D Is 
2620.05 216525 254683 6 6 0.021 0.0022 0.1) -1.89 E Is 

25 •V4/>- 
3pa(:,P)5s 

<D°~4P 
(15 uv) 

2281.V 201850 24.569/ 20 12 3.4 0.16 24 0.50 D ca 

2283.93 202368 246137 8 6 2.7 0.16 9.6 0.11 D Is 
2291.38 201765 245392 6 4 2.2 0.12 5.2 -0.16 D Is 
[2291.8] 201332 244952 4 2 1.8 0.070 2.1 -0.55 D- Is 
2253.07 201765 246137 6 6 0.61 0.046 2.1 -0.56 D- Is 
2268.95 201332 245392 4 4 1.1 0.086 2.6 -0.46 D- Is 
2278.34 201073 244952 2 2 1.8 0.14 2.1 -0.56 D- Is 
[2231.2] 201332 246137 4 6 0.067 0.0075 0.22 -1.52 E Is 
[2?55.7] 201073 245392 2 4 0.17 0.027 0.39 -1.28 E Is 

26 4p°„4P 
(1? uv) 

24/6.9 204316 245691 12 12 2.0 0.18 17 0.33 D ct. 

2403.32 204541 246137 6 6 1.4 0.12 5.9 -0.13 D Is 
2422.47 204124 245392 4 4 0.28 0.025 0.79 -1.01 E Is 
2442.47 204022 244952 2 2 0.35 0.032 0.51 -1.20 E Is 
2447.14 204541 245392 6 4 0.94 0.056 2.7 -0.47 D- Is 
2448.58 204124 244952 4 2 1.8 0.080 2.6 -0.50 D- Is 
2379.47 204124 246137 4 6 0.62 0.078 2.5 -0.50 D- Is 
2416.42 204022 245392 2 4 0.88 0.15 2.4 -0.51 D- Is 

27 *$°_«p 
(21 uv) 

2515.6 205939 245691 4 12 0.69 0.20 6.5 -0.11 D ca 

2486.91 205939 246137 4 6 0.68 0.095 3.1 -0.42 D Is 
[2533.9] 205939 245392 4 4 0.69 0.067 2.2 -0.57 D Is 
[2562.5] 205939 244952 4 2 0.70 0.034 1.2 -0.86 D Is 

28 3/>24p - 
3,»-('D)5s' 

*P_*D 
(24 uv) 

2.366.5 216631 258888 14 10 2.9 0.17 19 0.39 D ca 

2370.37 216710 258886 8 6 2.8 0.18 11 0.16 D Is 
2359.67 216525 258891 6 4 3.0 0.17 7.7 0.00 D Is 
[2359.9] 216525 258886 6 6 0.14 0.012 0.55 -1.15 E Is 

29 *D°-2D 
(26 UV); 

2438.3 217875 258888 10 10 2.1 0.19 15 0.27 D ca 

2436.1 217850 258886 6 6 2.0 0.18 8.5 0.02 D Is 
2439.69 217913 258891 4 4 1.9 0.17 5.5 -0.17 D Is 
[2435.81 
[2439.9] 

217850 258891 6 4 0.21 0.013 0.60 -1.12 E Is 
217913 258886 4 6 0.14 0.019 0.61 -1.12 E Is 

j 
i 
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Cl in 

Forbidden Transitions 

All the values for this ion are taken from Czyzak and Krueger [1], since they have included the 
important effects of configuration interaction and have used self-consistent field v/avefunctions 
with exchange to obtain their value oisq. (For a more complete discussion see General Introduction.) 

Reference 

fl] Czyzak, S. J. and Krueger, T. K., Monthly Notices Roy. Astron. Soc. 126,177-194 (1963). 

CI III. Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiple! X(Ä) £i(cm_l) £*(cm-') tt Kn Transi- 

tion 
Ak, (sec-') S(at.u.) racy Source 

1 Sp-ty «S'-'D0 

(IF) 
5517.66 0.0 18118.6 4 6 m 1.46 X10-" 5.5 X 10-« C 1 
5517.66 0.0 18118.6 4 6 e 8.6X10-« 0.016 D 1 
5537.6 0.0 18053 4 4 m 0.0065 1.64 X10-4 C 1 
5537.6 0.0 18053 4 4 e 5.5X10-« 0.0068 U 1 

2 «S°-zP° 
(2F) 

3342.7 0.0 29907 4 4 m 0.% 0.0053 1 
3342.7 0.0 29907 4 s e 4.9 x 10-» 4.8 X 10-« D 1 
3353.4 0.0 29812 4 4. m 0.374 0.0065 C 1 
3353.4 0.0 29812 4 2 e 4.0 x 10-» 2.0 x 10-» D 1 

3 «D°-,D8 

[15.24X10»] 
[15.24X10»] 

18053 18118.6 4 6 m 3.05 X 10-« 2.40 B 1 
18053 18118.6 4 6 e 4 9X10-» 0.14 D 1 

4 
(3F) 

8481.6 18118.6 29907 6 4 m 0.169 0.0153 C 1 
8481.6 18118.6 29907 6 4 e 0.195 20.4 C 1 
8501.8 18053 29812 4 2 m 0.186 0.0085 C 1 
8501.8 18053 29812 4 2 e 0.165 8.7 C 1 
8550.5 18118.6 29812 6 2 e 0.108 5.9 C 1 
8433.7 18053 29907 4 4 m 0.306 0.0272 C 1 
8433.7 18053 29907 4 4 e 0.084 8.6 C 1 

5 *p8_»p° 
[10.5X10»] 
[10.5X10»] 

29812 29907 2 4 m 7.7 X 10-« 1.33 C + 1 
29812 29907 2 4 e 1.9 X10-'« 0.058 D 1 

176 



Ground State 

ionization Potential 

Cliv 

Allowed Transitions 

List of tabulated lines: 

i«*2«*2jt*3s*3p*sPo 

53.5 eV = 431226 cm-' 

Wavelength [A] No. Wavelength [A] No. Wavelength [Al No. 

973.22 1534.4 4 2751.2 3 
977.56 1 1539.3 4 2770.7 3 
977.89 1600.0 5 2782.4 3 
984.95 1617.4 5 2835.4 3 
985.25 5625.5 5 3063.1 2 

986.09 1 1632.3 5 3071.4 2 
1500.4 4 1638.8 5 3076.7 2 
1510.6 4 1650.3 5 3106.0 2 
1528.7 4 2701.3 3 3167.9 2 
1532.2 4 2724.0 3 3213.8 2 

Varsavsky [1] has calculated a value for one multiple! of this ion using the screening-approxi- 
mation method; this number should be quite uncertain (probably too high, as judged from compari- 
sons in other ions), since the possibly important effects of configuration interaction have been 
neglected entirely. For several other transitions the Coulomb approximation has been employed 
in order to have some data on the more prominent lines in this spectrum. From the general success 
of this method and from comparisons with analogous transitions in other ions, uncertainties of 50 
percent are expected; however these estimates should be regarded as provisional. 

Reference 

[1] Varsavsky, C. M., Astrophys. J. Suppl. Ser. 6. No. 53, 75 (1961). 

Cl iv.   Allowed Transitions 

No Transition 
Array 

Multiple! X(A) £ilcm_,| £'*(cm-') ffi A'* AkAW 
sec-') 

fa S(at.u.) log«/"' Accu- 
racy 

E 

Source 

1 3s*3p*-3s3p> •ip_3D° 981.27 909 102818 9 15 23 0.55 16 0.69 1 

[984.951 1341 102869 5 7 23 0.46 7.5 0.36 E la 
'977.56 491 102787 3 5 17 0.41 4.0 0.09 E Is 
'973.22 0 102752 1 3 13 0.56 1.8 -0.25 E Is 
985.25 1341 102787 5 5 5.5 0.080 1.3 -0.40 E Is 
977.89 491 102752 3 3 9.4 0.13 1.3 -0.41 E Is 

[986.09] 1341 102752 5 3 0.63 0.0055 0.089 -1.56 E Is 

2 3p4s-3p(fP)4p apo-SD 3082.2 215948 248372 9 15 2.3 0.54 49 0.69 D ca 

[3076.71 216468 248961 5 7 2.3 0.45 23 0.35 D Is 
'3063.1 215389 248026 3 5 1.7 0.40 12 0.08 D Is 
3071.4 215026 247575 1 3 1.3 0.53 5.4 -0.28 D- Is 
'3167.9 216468 248026 5 5 0.52 0.079 4.1 -0.40 D- Is 
3106.0 215389 247575 3 3 0.92 0.13 4.1 -0.41 D- Is 

[3213.8] 216468 247575 5 3 0.055 0.0051 0.27 -1.59 E Is 
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Cl IV.   Allowed Transitions -Continued 

No. Transition 
Array 

Multipiet AIÄ) £i(cm-') c\(cm-') m ft- 

9 

4*i<10" 
sec"1) 

/«• .S'lat.u.) log.Kf Accu- 
racy 

Source 

3 apo_ap 2767.6 215948 252070 9 3.1 0.36 29 0.51 D ca 

[2782.4] 216468 252o^ 5 5 2.3 0.26 12 0.11 D Is 
2751.2] 215389 251726 3 3 0.78 0.08B 2.4 -0.58 D Is 
2835.4 216468 251726 5 3 1.2 0.086 4.0 -0.37 D Is 
'2770.7 215389 251471 3 1 3.0 0.12 3.2 -0.44 Ü Is 
'2701.3 215389 252397 3 5 0.82 0.15 4.0 -0.35 D Is 
[2724.0 215026 251726 1 3 1.1 0.36 3.2 -0.44 D Is 

4 3p*p- 
Sr('P°)55 

3rj_3p» 1531.0 248372 313649 15 9 7.5 0.16 12 0.38 D ca 

1532.2 248961 314225 7 5 6.3 0.16 5.6 0.0a D Is 
1539.3 248026 312991 5 3 5.6 0.12 3.0 -0.22 D Is 
1534.4' 247575 312747 3 1 7.3 0.086 1.3 -0.59 D- Is 
1510.6 248026 314225 5 5 J.2 0.040 1.0 -0.70 0- Is 
1528.7 247575 312991 3 3 1.9 0.066 1.0 -0.70 D- Is 

[1500.4] 247575 314225 3 5 0.080 0.0045 0.067 -1.87 E Is 

5 3p_3p° 1623.9 252070 313649 9 9 4.6 0.18 8.8 0.21 D ca 

[1617.41 252397 314225 5 5 3.5 0.14 3.7 -0.15 D Is 
1632.3 251726 312991 3 3 1.1 0.045 0.73 -0.87 D- Is 
1650.3 252397 312991 5 3 1.8 0.044 1.2 -0.66 D Is 
1638.8 251726 312747 3 1 4.5 0.061 0.98 -0.74 D- Is 
1600.0 251726 314225 3 5 1.2 0.076 1.2 -0.64 D Is 

[1625.5* 251471 312991 1 3 1.5 0.18 0.98 -0.74 Ü- Is 

Cliv 

Forbidden Transitions 
The adopted values have been derived from Naqvi [1], and Czyzak and Krueger [2]. Since their 

methods are essentially alike, Naqvi's and Czyzr.k and Krueger's magnetic dipole transitions have 
been averaged, except for the 3P—'S transition where configuration interaction is important. In 
this case Czyzak and Krueger's empirically derived value has been preferred over Naqvi's, which 
is based purely on theory (see also General introduction). 

References 

[1] Naqvi, A. M., Thesis Harvard (1951). 
[2] Ciyzak, S. J., and Krueger, T. K., Monthly Notices Roy. Astron. Soc. 126,177-194 (1963). 

Cl IV.   Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet MÄ) £(<cm-') £A-(cnr') Hi A Transi- 

tion 
•liu(sec ') S(at.u.) racy Source 

1 3p»-3p* 3p_3p 
[20.36 X 10«] 0 491 1 3 m 0.00213 2.00 B 1,2 

[74551] 0 1341 1 5 e 2.77 X10"7 19.0 C 2 
[11.76X10«] 
[11.76X10«] 

491 1341 3 5 m 0.00P25 2.49 B 1.2 
491 1341 3 5 e 6.3 x 10"" 4.25 C 2 

2 3P-'D 
(IF) 

[7262.3] 0 13766 1 5 e 2.2 x 10"» 0.0013 D 2 
7530.54 491 13766 3 w m 0.080 0.0063 C 1.2 
7530.54 491 13766 3 5 e 1.5 x 10-« 0.11 D 2 
8045.63 1341 13766 5 5 m 0.1% 0.0189 C 1,2 
8045.63 1341 13766 5 5 e 7.7 X 10-« 0.077 D 2 
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CIIV.   Forbidden Transitions—Continued 

No. 
Transition 

Array Multiplet MA) £((cm-') Eiticm-') Hi Kk 
Type of 
Transi- 

tion 
/fw(sec-') S(aiu.) 

Accu- 
racy Source 

3 3P-'S 
(2F) 

3118.3 
3203.3 

491 
1341 

32550 
32550 

3 
5 

1 
1 

m 
e 

2.61 
0.038 

0.00293 
0.0077 

C 
D 

2 
2 

4 'D-'S 
(3F) 

5323.29 13766 32550 5 
i ■  ■ 

1 e 3.2 8.0 D 2 

Civ 

Ground State I*2f2pß3*3p 2P?,2 

Ionization Potential 

Allowed Transitions 

67.80 eV = 547000 cm-« 

The screening-approximation calculations of Vars& vsky [1] for the 3s*3p *P° — 3s3p2 *D multiplet 
are considered to he rather uncertain (probably too high, as judged from comparisons in other ions) 
since the important effects of configuration mixing are neglected entirely. Gruzdev and Prokofev 
[2] have carried out Coulomb approximation calculations modified with the Seaton correction for 
the 3p 2P°—4s 2S multiplet; these results should be reliable to within 25 percent, as judged from 
plots depicting /-value dependence on nuclear charge. 

References 

[1] Varsavsky, C. M. Attrophys. J. Suppl. Ser. 6, No. 53, 75 (1961). 
[2] Gruzdev, P. F., and Prokofev, V. K.. Optic» and Spectroscopy (U.S.S.R.) 21,151-152 (1966). 

Cl V.   Allowed Transitions 

No. Transition 
Array 

Multiplet MÄ) Eifern-«) £*(cm-') « Pk 
sec*') 

fit 

- —   "         ™i 

.Sfat.u.) log«/ Accu- 
racy 

Source 

1 3s*3p—3»3p* sp°-»D 890.61 995 113277 6 10 26 0.52 9.2 0.49 E 1 

894.341 
883.131 
894.92] 

1492 
0 

1492 

113306 
113234 
113234 

4 
2 
4 

6 
4 
4 

26 
23 
4.3 

0.47 
0.53 
0.052 

5.5 
3.1 
0.61 

0.27 
0.03 

-0.68 

E 
E 
E 

h 
Is 
Is 

2 3p-('S)44 ap°-»S 391.67 995 256313 6 2 119 0.091 0.70 -0.263 C 2 

[392.431 
[390.15] 

.492 
0 

256313 
256313 

4 
2 

2 
2 

79 
40.0 

0.091 
0.091 

0.470 
0.234 

-0.439 
-0.74 

C 
C 

is 
Is 
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Civ 

Forbidden Transitions 
The line strength for the one transition in the ground state configuration is a straight number, 

tabulated for example by Naqvi [1], The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

[lj Naqvi, A. M., Thesis Harvard (1951). 

Civ.   Forbidden Transitions 

No. 
Transition 

Array Multiple! A(A) £,<cnr!) £»(cm-') Ki ft 
Type of 
Transi- 

tion 
An, (sec-1) S(at.u.) 

Accu- 
racy Source 

1 3p-('S)3p jpo_ipo 

[67000] 0 1492 2 4 m 0.0298 1.33 A 1 

Ground State 

Ionization Potential 

Clvi 

Allowed Transitions 
List of tabulated lines: 

lsW2p63s2 'So 

96.7 eV = 780000 cm-' 

Wavelength [A) No. Wavelength (A] No. Wavelength [A] No. 

323.36 8 571.38 6 756.26 4 
324.99 8 571.41 7 756.34 4 
325.16 8 573.46 6 756.50 4 
550.36 5 576.43 6 757.82 A 
552.00 5 577.44 6 757.91 4 

552 04 5 580.44 6 763.84 3 
555.48 S 671.37 1 768.47 3 
555.57 5 724.13 2 768.55 3 
555.62 5 727.54 2 773.79 3 
565.48 7 730.29 2 773.88 3 

566.64 7 730.48 2 774.05 ' 
567.52 7 733.89 2 
570.02 7 736.75 2 
570.52 7 755.47 4 
570.89 6 755.63 4 

The charge-expansion technique of Crossley and Dalgarno [1], which includes limited ton- 
figuration mixing, has been employed for the majority of the transitions in this spectrum; while 
Gruzdev and Prckofev [2] have carried out Coulomb approximation calculations modified with the 
Seaton correction for the 3s3p 3P°-3ä4s 3S multiple!. For many of these transitions, the dependence 
of oscillator strength on nuclear charge has served as an aid in estimating accuracies. 

References 

(1) Crossley, R. J. S., and Dalgarno, A.. Proc. Roy. Soc. London A286, 5)0 (1965). 
[2J Gruzdev, P. F., and Prokofev. V. K., Optics and Spectroscopy (U.S.S.R.) 21, 151-152 (i%6). 
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Cl VI. Allowed Transitions 

No. Transition 
Array 

Multiple! X(A) EiUm-') £*(cm-M fi ft /iullO"set--'t A Slat.u.) l»n Iff Accu- 
racy 

Source 

1 3sj-3*('S)3p «S-'P [671.37] 0 148949 1 3 63.2 1.28 2.83 0.107 B 1 

2 3j3p-3p* Spo_sp 730.42 [99286] [236193] 9 9 54 0.434 9.4 0.59 C + 1 

730.291 99865] 236797 5 5 40.8 0.326 3.92 0.212 C + Is 
730.48' 98700 2355%' 3 3 13.5 0.108 0.78 -0.489 c Is 
736.75' 99865 2355% 5 3 22.1 0.108 1.31 -0.268 c Is 
733.89 98700' 234%0' 3 1 53 0.143 1.04 -0.368 c Is 
724.13 98700 '236797' 3 5 14.0 0.183 1.31 -0.260 c Is 
1727.54] ;98147] |2355%; 1 3 18.2 0.434 1.04 -0.363 c Is 

3 3s(*S)3d- 
3p(*P)3rf 

3D—3P° 771.04 [279870] [409565] 15 9 28 0.15 5.6 0.35 D 1 

774.05] 279888] 409079 7 5 23 0.15 2.6 0.02 D Is 
768.55' 279860' 409975 5 3 21 0.11 1.4 -0.26 D Is 
763.84 279845' 410762 3 1 28 0.082 0.62 -0.61 D Is 
773.88' 279860 409079' 5 5 4.1 0.037 0.47 -0.73 D Is 
768.47' 279845 409975' 3 3 7.0 0.062 0.47 -0.73 D Is 
773.79] !279845] [409079; 3 5 0.27 0.0041 0.031 -1.91 E Is 

4 3D-3D° 756.30 [279870] [412092] 15 15 27 0.23 8.6 0.54 D 1 

755.63] 279888] [412228 7 7 24 0.21 3.6 0.17 D k 
756.34' 279860' 412075 5 5 19 0.16 2.0 -0.10 D Is 
757.82' 279845 411802 3 3 20 0.17 1.3 -0.29 D Is 
756.50' 279888' [412075' 7 5 4.2 0.026 0.45 -0.74 D- Is 
757.91' 279860' [411802 5 3 6.7 0.034 0.43 -0.77 D- Is 
'755.47' 279860 412228' 5 7 3.0 0.036 0.45 -0.74 D- Is 
756.26] 279845] [412075 3 5 4.1 0.058 0.43 -0.76 D- Is 

5 3s3p-3s(2S)3d 3p_30 55.?. 76 [99286] [279870] 9 15 81.9 0.628 10.3 0.752 B 1 

555.48] 99865] [279888 5 7 81.2 0.526 4.81 0.420 B Is 
552.00 98700 27t»360' 3 5 61.9 0.471 2.57 0.150 B Is 
550.36 98147 [279845' 1 3 46.2 0.629 1.14 -0.201 B Is 
555.57' 99865 279860' 5 5 20.3 0.0938 0.858 -0.329 B Is 
552.04 98700 279845 3 3 34.4 0.157 0.858 -0.327 B Is 
555.62] 99865 [279845; 5 3 2.3 0.0063 0.057 -1.51 D Is 

6 3p2-3p(2P°)3rf SP — 3J>° 576.79 [236193] [409565] 9 9 65 0.32 5.5 0.46 D 1 

580.44] 236797 [409079 5 5 48 0.24 2.3 0.08 D Is 
573.46 2355% 4C9975 3 3 16 0.081 0.46 -0.61 D- Is 
577.44' 236797 409975 5 3 27 0.080 0.76 -0.40 D- Is 
570.89 235596 410762 3 1 66 0.11 0.61 -0.48 D- Is 
576.43 2355% 409079 3 5 16 0.13 0.76 -0.41 D- Is 
571.38] 234960 [409975; 1 3 22 0.32 0.61 -0.49 D- Is 

7 sp_3D« 568.57 [236193] [412092] 9 15 110 0.39 15 0.90 D 1 

570.02] 236797 [412228 5 7 110 0.75 7.0 0.57 D /* 
566.64 2355% 412075 3 5 85 0.68 3.8 0.31 D Is 
565.48 234960 411802 1 3 63 0.91 1.7 -0.04 D- Is 
570.52 236797 [412075 5 5 28 0.14 1.3 -0.15 D- Is 
567.52 2355% 411802 3 3 48 0.23 1.3 -0.16 D- Is 
571.41] 236797 [411802; 5 3 3.0 0.0088 0.083 -1.36 E Is 

8 3i3p-3s(2S)4s 3P0_3S 324.55 [99286] [407404] 9 3 171 0.090 0.87 -0.092 C 2 

325.16] 99865 [4074041 5 3 95 0.090 0.482 -0.347 C Is 
324.99 99700 407404' 3 3 57 0.090 0.289 -0.57 C Is 

[323.36] 98147 [407404 1 3 19.1 0.090 0.0% -1.046 
c 

Is 
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Clvi 

Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The results for the 3P°-3P° transition 
are essentially independent of the choice of the interaction parameters. For the 2P° -'P0 transitions. 
Naqvi uses empirical term intervals, i.e.. the effects of configuration interaction should be partially 
included. 

Reference 

[1 j Naqvi. A. M., Thesis Harvard (1951). 

Clvi.    Forbidden Transitions 

No. 
Transition 

Array Multiple! A(A) i'i(cm-') £*<<m ') Hi t'k 

Type of 
Transi- 

tion 
.4AI(»CC"') .S(al.u.) 

Accu- 
racy Source 

1 3s3p — 
3i(«S)3p 3f>0 —3J>° 

[18.08 xW] 
f85810] 

[98147] 
[98700] 

[98700] 
[99865] 

I 
3 

3 
5 

m 
m 

0.00304 
0.0213 

2.00 
2.50 

C + 
c+ 

1 
1 

2 sp_iP° 
1968.4 
1990.1 
2036.7 

98147 
98700 
99865 

148949 
148949 
148949 

1 
3 
5 

3 
3 
3 

m 
m 
m 

0.62 
27.8 
0.70 

5.3 x 10-< 
0.0244 
6.6 x 10-< 

c- 
c- 
c- 

1 
i 
1 

Civil 

Ground State 

Ionisation Potential 

Avowed Transitions 
List of tabulated lines: 

witness 2s„2 

114.27 eV = 921902 cm-' 

Wavelength [A] No. Wavelength (A] No. Wavelength [A] No. 

196.12 2 598.21 3 2178.8 9 
196.39 •„> 604.79 3 2212.0 9 
207.75 8 605.05 3 
240.85 7 722.13 11 
293.25 4 725.73 11 

294.89 4 800.70 i 

340.27 6 813.00 i 
455.13 5 1668.2 10 
455.28 5 1686.4 10 
456.56 5 1687.6 10 
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Two sources of data are available for this ion: the calculations of Stewart and Rotenberg [!], 
employing a scaled Thomas-Fermi potential, and the charge-expansion formulation of Crossley 
and Dalgarno [2|. which includes limited configuration mixing. Graphical comparisons of both 
works with more refined values within the isoelectronic sequence indicate accuracies within 
25 percent. A number of additional values have been obtained from studies of the/-value depend- 
ence on nuclear charge. The reliable material available for other ions of this isoelectronic sequence 
in these cases permits »he determination of reliable values simply by graphical interpolation. 

Keferences 

|1| Stewart. J. C, and Roterberg. M., Phys. Rev. 140, 1508A-1519A (1965). 
|2| Crossley, R. J. 5„ and Dalgarno, A.. Proc. Roy. Son. London A286, 510-518 (1965). 

Cl VII.    Allowed Transitions 

No. Transition 
Array 

Multiple! A(A) £i(cm_l| £*(cnr') Hi Pk .4*1(10" 
sec-1) 

flk S(at.u.) •*>g*/ Accu- 
racy 

Source 

1 3s -3/> 2S_2po 804.76 0 124261 2 6 21.5 0.63 3.32 0.100 C 1 

[800.70] 
[813.00] 

0 
0 

124891 
123001 

2 
2 

4 
2 

21.7 
21.1 

0.418 
0.209 

2.20 
1.12 

-0.078 
-0.379 

C 
C 

/* 
Is 

2 3s—4f> 2S_2p° 196.21 0 509656 2 6 59 0.102 0.132 -0.69 C 1 

[196.12] 
[196.39] 

0 
0 

509885 
509197 

2 
2 

4 
2 

59 
59 

0.068 
0.0340 

0.088 
0.0440 

-0.87 
-1.167 

c 
c 

Is 
Is 

3 3fi~3d *P°-2D 602.59 124261 290210 6 10 61 0.55 6.6 0.52 c 2 

604.79] 
598.21 
605.05 

124891 
123001 
124891 

290239 
290166 
290166 

4 
2 
4 

6 
4 
4 

61 
52 
10 

0.498 
0.56 
0.055 

3.97 
2.21 
0.44 

0.299 
0.049 

-0.66 

c 
c 
D 

Is 
Is 
Is 

4 3/>-4* 2p_2S 294 M 124261 464003 6 2 230 0.10 0.58 - 0.22 C interp 

[294.89] 
[293.25] 

124891 
123001 

464003 
464003 

4 
2 

2 
2 

150 
76 

0.10 
0.098 

0.39 
0.19 

-0.40 
-0.71 

C 
C 

Is 
Is 

5 :W-4/J *D-*P° 4.55.69 290210 509656 10 6 70 0.13 2.0 0.11 C interp 

455.28 
456.56 
455.13 

290239 
290166 
290166 

509885 
509197 
509885 

6 
4 
4 

4 
2 
4 

64 
71   , 
7.0 

0.13 
0.11 
0.022 

1.2 
0.67 
0.13 

-0.11 
-0.36 
-1.06 

c 
c 
D 

Is 
Is 
Is 

6 i<l-\f *D-;p ■U0.27 290210 584093 10 14 380 0.92 10 0.96 c+ interp 

7 3,1-5f 2D-2P 240.85 290210 705404 10 14 140 0.17 1.3 0.23 c interp 

8 M-bf 2D-*P 207.75 290210 771549 10 14 68 0.062 0.42 -0.21 c interp 

9 4.5 — 4/) -\S-*P 2189.8 464003 509656 2 6 4.1 0.89 13 0.25 c interp 

[2178.8] 
[2212.0] 

464003 
464003 

509885 
509197 

> 4 
2 

4.3 
4.0 

0.61 
0.30 

8.7 
4.3 

0.09 
-0.22 

c 
c 

Is 
Is 

10 4/»-4</ *P-*D 1680.4 509656 .569/66 6 10 14 0.98 33 0.77 c interp 

1686.4] 
1668.2 
1687.6] 

509885 
509197 
509885 

569182 
569142 
569142 

4 
2 
• 

6 
4 
4 

14 
12 
2.3 

0.90 
1.0 
0.099 

20 
11 
2.2 

0..56 
0.30 

-0.40 

c 
c 
D 

Is 
Is 
Is 

11 4/*—r« 2P—*S 724 Si 509656 647677 6 2 65 0.17 2.4 O.Oi c interp 

[725.731 
[722.13] 

509885 
509197 

646677 
647677 

4 
2 

2 
2 

42 
22 

0.17 
0.17 

1.6 
0.80 

-Ü.17 
-0.47 c 

Is 
I 
IS 
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Civiii 

Ground State l*2*pß 'S» 

Ionizatiun Potential 348.3 eV = 2810000 cm- 

Allowed Transitions 

Calculations by Kastner, Omidvar, and Underwood [1J, employing Hartree-Fock wavefunctions 
and including intermediate coupling, are available. Since the calculations are based on a single- 
configuration approximation only, uncertainties of up to 50 percent are expected for the strong 
lines arr.d even higher uncertainties for the weak lines, the latter being more affected by assumptions 
about l\a coupling. 

Refe.ence 

[1] Kastner, S. O., Omidvar, K.. and Underwood. J. li, Aatrophys. J. J48, 269-273 (1967). 

Cl VIII.    Allowed Transitions 
  

No. Transition Mukiplet X(A) £i(cnr') £*(cnr') ft Hk 4ii(10" see-') fa Si at.u.) l'>g (f Accu- Source 
Array racy 

1 2(1»- 
2WP°m)3! 

'S-3P° 

[59.191] 0 1689450 1 3 280 0.044 0.0086 -1.36 E 1 

2 2/>«- 
2p»(*P?„)35 

'S-'F [5fi\b?3] 0 1704360 1 3 970 0.15 0.02') -0.82 D 

1 

3 2/>«- 
2p»(,P!ft)3</ 

1S-3P 

[50.700] 0 1972390 1 3 45 0.0052 8.7 x 10-« -2.28 E 1 

4 2//1- 
2p»('P|/i)3<f 

'S-'P° [50.074] 0 1997040 1 3 1.4X10« 1.6 0.26 0.20 D 1 

5 2p«- 
2p»(»P?„)3rf 

•S-'D° 

[49.487] 0 2020730 1 3 1500 0.17 0.028 -0.77 D 1 

184 

Ground State 

Ionization Potential 

Clix 

Allowed Transitions 

1S*2S*2/J» 2PSrt 

400.7 eV = 3233000 cm-' 

The value for the 2s22/*5 2P—2s2/>6 2S multiplet is calculated from the nuclear charge-expan- 
sion method of Cohen and Dalgarno [1]. It may be quite uncertain since configuration interaction 
effect» with configurations involving the n = 3 shell electrons, which were not included in this 
calculation, may be significant. 

Reference 

[1] Cohen. M.. and Dalgarno, A.. Pror. Roy. Soc. London A280, 258-270 (1964). 
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Cl IX.   Allowed Transitions 

No. Transition 
Array 

Multiple) Ki.X) £((cm-1) /•.'»(cm-1) # Hk /**.<( 10" 
sec"1) 

/» Slat.u.) log«/" Accu- 
racy 

Source 

1 2s*2i>i-2s2p« ipo_iS 182.19 

[180.70] 
[185.25] 

4533 

0 
13600 

553400 

553400 
553400 

6 

4 
2 

2 

2 
2 

540 

360 
180 

0.089 

0.088 
0.090 

0.32 

0.21 
0.11 

-0.27 

-0.45 
-0.74 

D 

D 
D 

1 

Is 
Is 

Clix 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

[1] Naqvi. A. M.. Thesis Harvard (1951). 

Cl IX.   Forbidden Transitions 

No. 
Transition 

Array Multiple! K(k) fi(cm"') £*(cnr') gt dk 
Type of 
Transi- 

tion 
.4« (see-1) S(at.u.) 

Accu- 
racy Source 

1 2/,5_2,;5 «po—ap» 

[7350.9] 0 13600 4 2 m 45.2 1.33 A 1 

Clx 

Ground State b*2s«2p« 3P2 

lonization Potential 

Allowed Transitions 

455.3 eV=3673000 cm-' 

The values are calculated from the charge-expansion method of Cohen and Dalgarno [1] 
which includes limited configuration mixing. From comparisons with other ions in the isoelectronic 
sequence, uncertainties should be within 50 percent. 

Reference 

[1| Cohen. M.. and Dalgarno. A.. Proc. Roy. Soc. London A280, 258-270 (I%4). 

185 



Clx. Allowed Transitions 

No. Transitioii 
Array 

Multiple! Hi) £i(cm-') £*(cm-') m f!k Am 
(10" set-') 

/« .S'(al. u.) log af Accu- 
racy 

Source 

1 2sJ2/>4-2s2/>5 3p_.ip° 

T205.34] 
[210.03] 

0 
10880 

[487000] 
[487000] 

5 
3 

5 
5 

180 
57 

- 

0.11 
0.063 

0.38 
0.13 

-0.26 
-0.72 

D 
D 

\.ls 
\,ls 

Clx 
Forbidden Transitions 

As in the case of Na IV the adopted values are taken from Naqvi [11, and Malv.de and Berger [2|. 
For a discussion on the selection of values see NalV. since the same criteria have been applied. 

References 

[1] Naqvi, A.M.. Thesis Harvard (195 i). 
[2] Malville. J. M., and Berger. R. A.. Planetary and Space Science 13, 1131 (1965). 

Cl X.    Forbidden Transitions 

No. 
Transition 

Array 

2/>'-2/>< 

Multiplet 

3p_ap 

3P-'D 

••>P-'S 

'D-<S 

X(Ä) 

[9188.7] 
[9188.7] 

1K39.3 
1 ,39.3 
1 W5.2 
1995.2 

[767.40] 
[837.31" 

[1442.F] 

Eiivm'j 

0 
0 

10880 
10880 

0 
10880 

[610001 

E*(em 

10880 
10880 

61000] 
61000 
61000 
61000 

[KMWIO] 
[130310] 

[13Ö310] 

fi< Ck 

ll\ 

Type of 
Transi- 

tion 

e 
III 

m 

ni 

4*1 (sec ') 

1.30X10-' 
28.6 

0.036 
109 

0.0020 
20.4 

0.51 
1410 

7.7 

.S'Ul.u.) 
Accu- 
racy 

1 

0.0152 
2.47 

0.0013 
0.089 
1.9X10 * 
0.0301 

8.1x10- 
0.0307 

0.0287 

C- 

Sourcc 

1.2 
1 

1.2 
I 

1.2 
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Ground State 

Ionization Potential 

ARGON 
Ar I 

Allowed Transitions 

List of tabulated lines: 

ls«2ä«2p«3ä*3/y 'S» 

15.755 eV= 127109.9 cm-' 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

866.80 2 4510.73 76 5194.02 378 
869.75 6 4522.32 68 5210.49 361 
876.06 1 4544.75 413 5214.77 364 
879.95 5 4554.32 359 5216.28 397 
1048.22 4 4584.% 409 5221.27 360 

1066.66 3 4586.61 408 5241.09 365 
3406.18 97 4.587.21 407 5246.24 392 
3461.08 88 4589.29 75 5249.20 391 
3554.30 82 45%. 10 74 5252.79 363 
3563.29 % 4628.44 73 5254.47 312 

3567.66 77 4642.15 401 5286.07 317 
3572.30 % 4647.49 400 5290.00 390 
3606.52 87 4702.32 72 5309.52 318 
3632.68 86 4746.82 386 5317.73 372 
3634.46 sa 4752.94 387 5373.50 366 

3643.12 84 4/68.68 301 5393.27 398 
3649.83 95 4798.74 415 5410.48 367 
3659.53 83 4835.97 414 5421.35 375 
3670.67 93 4836.70 395 5439.99 334 
3675.23 94 4876.26 358 5442.24 304 

3770.37 89 4886.29 410 5451.65 333 
3834,68 92 4887.95 357 5457.42 377 
3894.66 91 4894.69 356 .5459.65 303 
3947.50 58 4921.04 411 .5467.16 376 
3948.98 59 4937.72 412 .5473.46 340 

4044.42 66 4956.75 402 5490.12 307 
4045.% 67 4989.95 403 5492.09 .382 
4054.53 65 5032.03 405 5495.87 302 
4158.59 57 5048.81 374 5506.11 306 
4164.18 56 5054.18 336 5524.% 225 

4181 88 71 5056.53 335 5528.97 393 
4190.71 55 5060.08 388 5534.49 384 
4191.03 70 5070.99 406 5540.87 224 
4198.32 64 5073.08 300 5552.77 394 
4200.67 54 5078.03 305 5558 70 216 

4251.18 53 5087.09 389 5559.66 323 
4259.36 80 5104.74 404 5572.54 233 
4266.29 63 5118.21 309 5574.22 324 
4272.17 62 5127.80 308 5581.87 226 
4300.10 61 5151.39 298 5588.72 232 

4333.56 78 5152.30 217 5597.48 327 
4335.34 79 5162.29 299 5606.73 215 
4345.17 77 5177.54 3% 5618.01 344 
4363.79 60 5187.75 218 .5620.92 343 
4424.00 69 5192.72 362 .5623.78 328 

508-022O-69—15 187 



Ar I.   Allowed Transitions—Continued 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

5635.58 311 6119.66 320 6888.17 158 
5637.33 369 6121.86 331 6925.01 263 
5639.12 399 6127.42 227 6937.67 135 
5641.39 310 6128.73 330 6951.46 163 
5648.69 380 6145.44 260 6960.23 165 

5649.26 381 6155.24 346 6965.43 31 
5650.70 214 6165.12 259 6992.17 262 
5659.13 379 6170.17 345 7030.25 272 
5681.90 316 6173.10 238 7067.22 30 
5683.73 315 6179.41 325 7068.73 274 

S700.87 314 6212.50 245 7086.70 284 
5712.51 368 6215.94 261 7107.48 273 
5739.52 239 6230.93 244 7125.83 288 
5772.11 247 6243.40 329 7147.04 29 
5773.99 371 6244.73 266 7158.83 287 

5783.54 240 6248.41 236 7162.57 168 
5789.48 246 6278.65 242 7206.98 291 
5790.40 370 6296.87 267 7229.93 149 
5802.08 313 6307.66 243 7265.17 155 
5834.26 248 6309.14 235 7270.66 142 

5Ü43.77 373 6364.89 234 7272.93 39 
5860.31 271 6369.58 241 7285.44 178 
5882.62 270 6384.72 269 7311.72 277 
5888.58 337 6416.31 268 7316.01 295 
5912.09 140 6431.56 275 7350.78 294 

5916.58 229 6466.55 250 7353.18 276 
5927.11 223 6481.14 347 7353.32 148 
5928.81 339 6493.97 152 7372.12 141 
5940.86 348 6513.85 349 7383.98 38 
5942.67 338 6538.11 145 7392.97 281 

5943.89 222 65%. 12 144 7412.33 171 
5964.48 251 6598.68 352 7422.26 172 
5968.32 351 6604.02 146 7425.29 176 
5971.60 350 6604.85 151 7435.33 280 
5981.90 231 6632.09 279 7436.25 143 

5987.30 220 66.56.88 265 7471.17 37 
5988.13 322 6660.68 278 7484.24 156 
5994.66 321 6664.05 150 7503.87 52 
5999.00 .30 6677.28 40 7510.42 177 
6005.73 383 6684.73 254 7514.65 36 

6013.68 221 6698.47 159 7618.33 182 
6025.15 353 6698.88 282 7628.86 183 
6032.13 219 6719.22 249 7635.11 28 
6043.22 228 6722.88 257 7670.04 147 
6052.73 138 6752.84 137 7704.81 161 

6059.37 139 6754.37 253 7723.76 27 
6064.76 326 67.56.10 258 7724.21 44 
6081.25 385 6766.61 166 7798.55 154 
6085.86 237 6779.93 332 7868.20 283 
6090.79 31V 6818.29 252 7891.08 162 

6098.81 342 6827.25 2.56 7916.45 286 
6101.16 355 6851 88 261 7948.18 43 
6104.58 354 6871.29 136 7965.08 2a5 
6105.64 255 6879.59 157 8006.16 35 
6113.46 341 6887.10 164 8014.79 26 



Ar I.   Allowed Transitions—Continued 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

80)6.74 290 11441.8 198 14093.6 118 
«0.17.23 297 11467.5 113 14596.3 19 
8046.13 153 11488.1 45 14634.1 18 
8053.31 160 11580.4 10 14739.1 114 
8066.60 289 11668.7 116 14786.3 417 

8103.69 34 11719.5 106 14876.6 416 
8115.31 25 11733.3 7 15046.4 134 
8151.86 293 11943.5 8 15172.3 199 
8203.42 292 12026.6 119 15302.3 16 
8264.52 51 12112.2 102 15329.6 105 

8384.73 174 12139.8 123 15353.5 202 
8408.21 .50 12343.7 108 15402.6 15 
8424.65 33 12356.8 11 15555.5 126 
8490.30 170 12402.9 111 15734.9 206 
8521.44 49 12439.2 100 15776.6 201 

8605.78 175 12456.1 190 15816.8 23 
8620.46 167 12437.6 188 15899.9 20 
8667.94 42 12554.4 101 15989.3 213 
8761.69 181 :2621.8 200 16122.7 103 
8784.61 169 li'02.4 133 16180.0 205 

8799.08 173 12733.6 189 16264.1 209 
8962.19 180 12746.3 204 16436.9 14 
9057.51 2% 12802.7 107 16520.1 110 
9075.42 179 li. 933.3 203 16549.8 13 
91J2.97 24 12956.6 99 16739.8 208 

9194.64 187 13008.5 207 16940.4 115 
9224.50 48 13214.7 98 17823.3 17 
9291.53 186 13231.4 193 20317.0 212 
9354.22 47 13273.1 128 20616.5 125 
9657.78 32 13313.4 122 20812.0 22 

9784.50 46 13367.1 211 21332.2 121 
10470.1 41 13406.6 9 21534.9 131 
10478.0 185 13499.2 197 22039.2 120 
10506.5 12 13504.0 104 22077.4 124 
10673.6 184 13543.8 192 23133.4 130 

10683.4 191 13573.6 210 23844.8 21 
10950.7 117 13599.2 127 23967.5 129 
11078.9 109 13622.4 112 
11248.4 195 13678.5 132 
11393.7 194 13825.7 1% 

A wealth ^f numerical data exists on the oscillator strengths of the Ar I spectrum. Numerous 
emission intens;ty measurements, performed mostly with stabilized arcs, as well as some lifetime 
determinations and several calculations based on intermediate coupling theory, have been recently 
reported in the literature. 

Most of the work on An has centered on the prominent red and blue lines, i.e., the 4s—4/; 
and 4s —5/* transition arrays. While the majority of the recent data agree very well on a relative 
basis, considerable discrepancies exist on the absolute scale. At present two different absolute 
scales, which are about 25 to 35 percent apart, appear to be supported by several experiments on 
each side, and at this time both possibilities deserve serious consideration. 

One scale is clustered around the fairly extensive lifetime measurements of 4p and 5p levels 
by Klose [12, 13] performed with a delayed coincidence method. This scale is, within a range of 
about ± 10 percent, found also from the arc experiments of Kopenoe and Shumaker [10] and Wiese 
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[14), from another lesä extensive lifetime experiment, again performed with the delayed coincidence 
technique, by Osherovich and Veroleinen [15], and from the Coulomb approximation [16].* 

The other absolute scale, which is about 25 to 35 percent lower, is supported by the recent 
stabilized arc experiments of Bue* et al. [5J, Wende [4). and Richter [24] and by the shock-tube 
experiment of Coates and Gaydon [18]. To complicate matters, a recent lifetime measurement of 
two 4/> levels by Landman [19j with the Hanle-effect technique —which has usually produced 
reliable results —lies about hc'f-way in between these two scales, leaning a little toward the first 
scale (the two Landman values are about 10 to 13 percent lower than those derived from the first 
scale). 

Aside from the above mentioned work, many other emission experiments with arcs are avail- 
able; but we have not considered these fos the absolute scale after noticing that they either show 
an appreciable scatter in the relative data when compared to any of the above experiments (which 
are. on a relative basis, all in good agreement), or they contain assumptions and data used for the 
diagnostics which are considered outdated now. 

After a very detailed analysis we h;ve decided to adopt the first scale as best represented by 
Klose's lifetime measurements. In our opinion this scale at present appears to be the least objec- 
tionable one; but it needs to be pointed out again that we do not consider this issue settled yet. We 
have chosen this scale for the following principal reasons: 

First, Klose's lifetime data for four 4p and seven Sp levels (the latter in conjunction with the- 
oretical data) represent a self-consistent set of data. 

Second, there is no readily apparent reason wh> Klose's measured iifetimes are too short as 
would be required by the other scale. There are two principal mechanisms which could cause his 
lifetimes to be too short, namely, (a) depopulation by collisions and. (b) cascading from those higher 
levels which decay faster than the 4p levels because they have a direct connection Jo the ground 
state. The latter mechanism would apply principally to the 5s and 3d levels. Detailed quantitative 
estimates [20] show, however, that under Klose's conditions collisional depopulation is negligible 
and the cascading from those higher fast-decaying levels which are directly linked with the ground 
state is so severely modified by radiation trapping (imprisonment) that the effective lifetimes of 
these states become much longer than the measured ones. 

Third, the Coulomb approximation, in conjunction with intermediate coupling theory [21]. 
produces within a few percent the same lifetimes as measured by Klose for the 4/> levels. This is 
exactly the same situation as encountered for the analogous case of the 3s —3p array of Ne I. where 
the Coulomb approximation has given accurate numbers. In addition, the Coulomb approximation, 
when applied to some other prominent transition arrays of Ar I where no cancellation occurs, such 
as 4/j—3d and 4p—5s. is also in these cases consistent with the experimental data based on Klose's 
scale. Furthermore, the adopted absolute scale for the 4s— \p array of argon fits much better into 
the apparent regularities for atomic/-values than the other possible scale with the smaller/-values. 

Fourth, a possible explanation for the cause of the discrepancy between the two scales has 
been advanced by one of us some time ago [14] which also supports the adopted scale. The prin- 
cipal argument is based on the observation that in most emission intensity measurements the 
authors fail to include the intensity contributed by the line wings which may readily amount to 
about 15 to 20 percent. In the usually very dense arc plasmas the spectral lines are appreciably 
broadened. Thus the far wing contributions, which are extremely difficult to measure, should be 
taken into account by a theoretical estimate based on Stark broadening theory to obtain consistency 
with either the lifetime results or calculated transition probabilities. This line wing correction has 
been included only in the arc experiments of Shumaker and Popenoe [3,10] and Wiese [14], both of 
which are in agreement with Klose's scale. If this correction were applied to the other arc experi- 
ments, it would have the effect of increasing the results by about 15 to 20 percent or more and thus 
bring them into reasonably close agreement with the scale adopted here. 

In spite of the foregoing arguments, we feel that there may still be other equally important 
causes contributing to this discrepancy, since the line wing correction cannot explain certain 
inconsistencies observed by several authors within their arc experiments (see, e.g., ref. [5]). In view 
of this still somewhat uncertain situation we have been very conservative with our error estimates 
for this spectrum. 

Now some details on the chosen numerical values: 
Our starting point ha9 been Klose's lifetime measurements [12] for the 4/> levels with which we 

have renormalized Shumaker and Popenoe's [3] transition probabilities for the 4s— \p array. (The 
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normalization factor ig 0.926.) The Shumaker and Popenoe values, it might be pointed out. fulfill 
the 7-file sum rule very well. Calculated/-values by Garstang and Van Blerkom [21] for the 4A — 4p 
array based on intermediate coupling theory and an absolute s^ale provided by the Coulomb ap- 
proximation agree generally quite well with this scale. For the 45—5/; transitions, the prominent 
blue lines, we have chosen the averaged values of those recent sets of stabilized-arc data by Wende 
|4J, Bues et al. [5], and Corliss and Shumaker [6], with appropriate renormalization factors. The 
first two authors cover the entire 4s — 5p array, while Corliss and Shumaker have measured only 
about half of the lines «n a wall-stabilized arc. The three sets of data agree v-sry well on a relative 
basis, in most cases within 15 percent. To obtain the absolute scale, we have then connected these 
4s—5/> data with the 4s—4/> array. Unfortunately, not too many links between the two transition 
arrays exist. Out of these we have chosen the arc measurements of Popenoe and Shumaker [10], 
which cover a few lines of both arrays. In particular, the 4300 A line (4s—5/>) and the 6965 Ä line 
(4s—4/*) were extensively measured by these authors, and Corliss and Shumaker [6] use this value 
for the 4300 A line as the basis for their other results. We have therefore first renormalized the data 
of Corliss and Shumaker with the same factor applied earlier to the Shumaker and Popenoe values 
for the 4s—4p lines (since these measurements were based on the 6965 A (4s—4p) line). Then the 
material of Bues et al., and Wende was put on this same absolute scale by determining and applying 
the respective mean arithmetic factors against the renormalized Corliss and Shumaker values; 
these factors are 1.250 for Bues et al., and 1.329 for Wende. 

From our principal connection between the 4s—4p and 4s— 5p arrays has»d on the 4300 A and 
6965 A lines, a transition probability ratio of 0.059 may be derived for these two lines. For com- 
parison, the arc measurements of Bott [17] produce a ratio of 0.050, while Coates and Caydon [18] 
with a shocktubc obtain 0.062. It is also interesting to note that for another possible link, this one 

[between the 4300 A and 7147 A lines, the here-obtained ratio of 0.61 is again bracketed by those 
obtained by Coates and Caydon (0.45) and Bues et al. (0.69). 

The adopted 4s—5/; transition probabilities, combined with theoretical data for the far-infra- 
red 5s—5p and 3d~5p transitions [11, 13], are completely consistent with the lifetime data for 
seven Sp levels measured by Klose [12]. 

For many other lines in the visible and near ultraviolet we have primarily drawn on the (re- 
j normalized) material of Bues et al. [5]. and Malone and Corcoran [8]. The latter used a radio fre- 

quency induction coupled plasma source; their renormalization factor is 1.159. In the many cases, 
where in addition to the material of Bues et al., data from Corliss and Shumaker were also available, 
we have given preference to the values of Bues et al., sine« these were obtained photoelectrically 
with a stabilized arc while Corliss and Shumaker's data were usually derived from an analysis of 
the relative intensity measurements of Dieke and Crosswhite [22]. For some 4p —6s lines we have 
listed the calculated absolute values of Johnston [7], based on intermediate coupling theory. We 
have not used any of his other material, since the transition integrals are very small, indicating 
cancellation, and his values usually disagree strongly with Bues et al., or Corliss and Shumaker, 
when comparisons are possible. We have also not used the result» of Desai and Corcoran [23], 
obtained with a radio frequency plasma source, since— in comparison with other experimental 
values [5.6] —they seem to show a dependence on the upper energy levpj of the transition involved. 

For numerous infrared lines, we have employed the relative aic measurements of Wiese 
et al. [9], which are normalized again to Klose's scale. In the case of the ip— 5s array, we could 
complete the data by using also the intermediate coupling calculations of Murphy [11]. These 
theoretical data, presented on their own absolute scale, are in fairly good agreement with the arc 
measurements, in many cases within 30 percent. 

In order to have a number of transition arrays complete or nearly complete, which is quite 
useful for checks with the ./-file sum rule, we have listed in our compilation a number of mostly 
weak lines which we normally do not include in these compilations (lines of class "E"). We feel 
that none of these listed lines are very uncertain, i.e., we consider most of them probably to be 
within a factor of two of the true values. 

Finally, for the two principal resonance lines in the vacuum uv, To —4s, we have taken the 
average of a lifetime result by Lawrence [1] obtained with the delay« J-coincidence method and 
a value reported by Lewis [2] who has analyzed natural line width measurements, which essentially 
constitute lifetime measurements, too. For several other lines in the vacuum uv we have deduced 
transition probabilities from Lawrence's lifetime measurements by subt -acting out the smaller 
contributions, ranging from about 6 percent to 40 percent, of numerous infrared transitions starting 
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from the same upper levels. Tu do this, we applied the arc measurements of Wiese et al. [9|. and 
the intermediate coupling calculations of Murphy [11). 
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Ar 1.    Allowed Transitions 

No. 
Transition 

yV-coupling Paschen 

Kik) £ilcra_l) fitlcor1) ft .4*1(10" 
sec-1) 

h .S(at.u. log«/" 
Ac- 
cu- 

racy 
Source 

i 

8 
9 

iO 
11 

12 
13 
14 
15 
16 

192 

3p»'S-Srfftl 
3/»«'S-3if[f 

3/j»'S-4f'H]e 

VS-5J[J]' 

-4/Ji 
-4/i 

•-4/II 
"-V1J1 
-4/ri 

'-VI 
-4/rf 
-4/1 
-4/1 
-4/11 

l/>o—3f/j 
1,;»—3s[ 

l/>o-1*4 
l/'o-Isj 

l/>0—2*2 

3//.-4X 
3»/,-4X 
&/J-4V 
3^-4W 
3«/,~4V 

3«/:,-4Z 
3</2-4X 
3</2-4Y 
.:w;-4V 
3rf,'-4U 

876.06 
866.80 

1066.66 
048.22 

879.95 
869.75 

11733.3 
11943.5 
13406.6 
11580.4 
12356.8 

10506.5 
16549.8 
16436.9 
15402.6 
15302.3 

•1668 
"1818 
112750 
113020 
112139 

112139 
114148 
114148 
113717 
113717 

114148 
115367 

93751 
95400 

113643 
114975 

120188 
120188 
120207 
121653 
120230 

121654 
120188 
120230 
120207 
120250 

3 
8 
20 
16 
12 

12 
8 
5 
9 
16 

2.70 
3.13 

1.19 
5.1 

0.77 
0.350 

0.0067 
0.046 
0.065 
0.00346 
0.035 

0.0158 
0.016 
0.059 
0.014 
0.054 

0.093 
f 0.106 

0.061 
0.254 

0.0268 
0.0119 

0.0416 
0.26 
0.39 
0.0159 
0.19 

0.063 
0.18 
0.40 
0.064 
0.43 

0.269 
0.302 

0.214 
0.88 

0.078 
0.0341 

1.60 
31 
150 
4.24 

39 

10.9 
29 
65 
23 
150 

-1.032 
-0.97 

-1.215 
-0.60 

-1.57 
-1.92 

-1.381 
-0.11 
0.55 

- 0.95 
- 0.02 

-0.50 
-0.27 
0.08 

-0.36 
0.48 

C + 
<: + 

c+ 
c + 

c 
D + 
1) 
C 
D 

C 
D- 
D 
D- 
D- 

1.9« 
1.9« 

1.2 
1.2 

9«. II 
9«. II 

9« 
9« 
9« 
9« 

9« 
9« 
9« 
9« 
9« 



Ar!.    Allowed Transitions—Continued 

No. 
Transii inn 

AIM Ej(vn\-') AV(cnr') A'i ft ■»«< 101 

sec-1) 
fa .Slat u.) \»*KI 

Ac- 
cu- Source 

.//-coupling     '    Paschen 
racy 

17 
18 
19 
20 

M 

3,/' 

1 '-VIM 
1 ,°-V" i] 
ir-4/T!] 

.    3si"'-4U 
•V-4W 
34-4Z 
35J-4Z 

17823.3 
14634.1 
14596.3 
15899.9 

114641 
114822 
114805 

120250 
121653 
121654 
12lo54 

5 
7 
5 
3 

7 
16 
12 
5 

0.0084 
0.090 
0.053 
0.077 

0.056 
0.66 
0.41 
0.49 

16 
220 
98 
76 

-0.55 
0.66 
0.30 
0.17 

E 
D- 
D- 
D 

9« 
9» 
9« 
9« 

21 
22 
23 

3f/[i 
iWlj 

r-s/'tf] 
]"-5/»[l] 
r-vm 

ill!, - 3/;» 
3</:,-3/>t, 
ad,-** 

23844.8 
20812.0 
15816.8 

112750 
112139 
112139 

116943 
116943 
1)8+60 

9 
5 
5 

7 
7 
3 

0.012 
8.5 X 10-» 
9.8 X 10-* 

0.079 
0.0077 
0.0022 

.56 
2.6 
0.57 

-0.15 
-1.41 
-1.96 

D 
D- 
E 

9/i 
9/t 
9/, 

24 
25 
26 
27 
28 

Hi 
Hi 
4.H 

4411 

r-i/'.ii 
°-4/'III 
°-4/i fll 
°-4/,m 
r-ii-ii] 

Is.-,-2//„| 
Is»—2//» 
lijr  2//M 

1.1,-2//, 
Is»-2//« 

9122.97 
8115.31 
8014.79 
7723.76 
7635.11 

93144 
93144 
93144 
93144 
93144 

1041C2 
105463 
1056!7 
106087 
i06238 

5 
5 
5 
5 
.5 

3 
7 
5 
3 
5 

0.212 
0.366 
0.096 
0.057 
0.274 

0.159 
0.51 
0.0^2 
0.0306 
0.239 

23.8 
68 
12.2 
3.89 

30.1 

-0.100 
0.407 

-0.337 
-0.82 

0.u77 

C 
C 
C 
C 
<; 

3/i 
\;> 
3/1 
3/i 
3« 

29 
30 
31 
32 
33 

Hi 
H\ 
H\ 
H\ 
Hi 

;°-4/>'[i 
°-VB 
°-4//[i/ 

:e-4//[!] 

!s»-2//4 
ls5-2//;i 
is»-2//« 
1.54-2/i;., 
ls4-2/(B 

7) ',7.04 
7067.22 
6965.43 
9657.78 
8424.65 

% 144 
93144 
93144 
»3751 
93751 

107132 
107290 
1074% 
104102 
105617 

5 
5 
5 
3 
3 

3 
5 
3 
3 
5 

0.0065 
0.0395 
0.067 
0.060 
0.233 

0.09299 
0.02% 
0.0292 
0.084 
0.413 

0.351 
3.44 
3.35 
8.0 

34.4 

-1.83 
-0.83 
-0.84 
-0.60 

0.093 

c 
C 
C 
c 
c 

3/4 
\n 
3/i 
3/i 
3/i 

34 
35 
36 
37 
38 

Hi 
H 

H> 
Hi 

j°-4,v[i] 
8-4/i| 
°-4/4iJ 
r-vm 
J'-Vll] 

!.^-2/;7 
lsj-2/i« 
1*4-2/^1 
1*4 —2/#4 
ls4-2/;:. 

8103.69 
8006.16 
7514.65 
7471.17 
7383.98 

93751 
93751 
93751 
93751 
93751 

106087 
106238 
107054 
107132 
107290 

1 
3 
3 
3 
3 

3 
5 
1 
«i 
5 

0.277 
0.0468 
0.430 
2.5X10-« 
0.087 

0.273 
0.075 
0.121 
2.1x10"" 
0.119 

21.8 
5.9 
9.0 
0.015 
8.6 

-0.087 
-0.65 
-0.440 
-3.20 
-0.447 

c 
c 
<: 
c- 
c 

3» 
3// 
3// 
3// 
3/i 

39 
40 
41 
42 
43 

Hi 
Hi 
4s 
is' 
4s' 

]°-4//[i] 
r-v* 
i]°-Vli 
i°-4/>[§ 
ir-4//[i] 

lsj-2/ij 
ls4 —2/>i 
lS:|-2/*in 
h.|-2/)j 
.\i-2//, 

7272.93 
6677.28 

10470.1 
8667.94 
7948.18 

93751 
9375! 
94554 
94554 
94554 

107496 
108723 
104102 
106087 
107132 

3 
3 
1 
1 
1 

3 
1 
3 
3 
3 

0.02(H) 
0.00241 
0.0117 
0.0280 
0.1% 

0.0159 
5.4 x 10-4 

0.058 
0.095 
0.56 

1.14 
0.0354 
1.99 
2.70 
i4.6 

-1.321 
-2.79 
-1.237 
-1.022 
-0.252 

c 
c 
c 
c 
c 

3« 
3» 
3// 
3» 
3« 

44 
4.1 
46 
47 
48 

4.?' 
4.?' 
to' 
h' 
W 

i]°~V[i] 
i]°-4/*[il 

*]°-4/;[|. 
l]°-4/»[i 

l*,-2/M 
1*3—2/» in 
lss—2//* 
ls,-2/>7 
l.S-2—2/>(i 

7724.21 
11488.1 
9784.50 
9354.22 
9224.50 

94554 
95400 
95400 
95400 
95400 

107496 
104102 
105617 
106087 
106138 

1 
3 
3 
3 
3 

;} 

3 
5 
3 
5 

0.127 
0.0025 
0.0161 
0.0115 
0.059 

0.341 
().(HH9 
0.0385 
0.0151 
0.125 

8.7 
0.56 
3 72 
1.39 

11.4 

-0.467 
-1.83 
-0.94 
-1 344 
-0.426 

c 
c- 
<: 
c 
c 

3» 
3// 
3// 
3/i 
3» 

49 
50 
51 
52 

w 
il°-4/»*ti 
41°—■»/''[! 
* °-4/»'[* 
i]°-4//[i 

ls-.-2/<4 
ls>-2/>:i 
lsj-2/ij 
ln-i/'i 

8521.44 
8108.21 
8264.52 
7503.87 

95400 
954(H) 
95400 
95400 

107132 
107290 
1074% 
108723 

3 
3 
3 

3 
E 

3 
1 

0.147 
0.244 
0.168 
0.472 

0.160 
0.431 
0.172 
0.133 

13.5 
35.8 
14.0 
9.8 

-0.319 
0.112 

-0.287 
-0.399 

c 
c 
c 
c 

3« 
3» 
3/i 
3/1 

53 
54 
55 
56 
57 

Hi 
Hi 
to j 
is) 
4s 3 

]°-V[i] 
]°-5/'[5 

°-5/4i 

Is» — 3/) in 
Is»-3//» 
Is»—3/<n 
!sj-3/»7 

Is-, -3/1« 

4251.18 
4200.67 
4190.71 
4164.18 
4158.59 

93144 
93144 
93144 
93144 
93144 

116660 
116943 
116999 
117151 
117184 

5 
5 
5 
5 
5 

3 
7 
5 
3 
5 

0.00113 
0.0103 
0.00254 
0.00295 
0.0145 

1.84 X KM 
0.00382 
6.7 x KM 
4.60 X 10-* 
0.00376 

0.0129 
0.264 
0.0461 
0.0315 
0.257 

-3.036 
-1.72 
-2.47.^ 
-2.64 
-1.73 

c 
c 
c 
r-* 

c 

4//..^/I.6/I 
4/1.5/1 

5/i 
4/1.5//. 6/i 
1«. 5«. 6/i 

58 
59 
60 

4*n 
to'! 
toi 

r-v[« 
°-5/,[i 

Is-,-3/», 
ls^-3/*2 

lS4—3/>||| 

3947.50 
3948.98 
4363.79 

93144 
93144 
93751 

118469 
118460 
116660 

5 
5 
3 

5 
3 
3 

6.3X10 « 
0.(KW67 
1.5 x !()-< 

1.47 x 10-< 
6.6 x |(H 
4.3 x 10 -" 

0.00% 
0.0426 
0.0018 

-3.134 
-2.481 
-3.119 

c 
c 
D 

4//. 5« 
4n.5/i 

4/i. 5//.6/I 
61 
62 

Hi 
Hi 

°-5/»l lS4-3/>» 
ls4-3/»7 

4300.10 
4272.17 

93751 
93751 

116999 
117151 

3 
3 

5 
3 

(.00394 
1.0084 

().(K)I82 
0.00230 

0.077 
0.097 

-2.263 
-2.161 

f 
c: 

4//. 5//. 6/i 
4//. 5/i. 6/i 

63 
64 
65 
66 
67 

H\ 
to 
4s! 
43! 

H 

]° -Sf.[|] 

°-VB 
I *-vu: 

ls4-3/>« 
lS4-3/»v 
l*4-3/*4 
ls4-3/»:i 
lS4~3/>, 

4266.29 
4198.32 
4054.53 
4044.42 
4045.96 

93751 
93751 
93751 
93751 
9375! 

117184 
117.563 
118407 
118469 
118460 

3 
3 
3 
3 
3 

5 
i 
3 
5 

(1.00333 
0.0276 
2.71 X10-' 
0.00346 
1.38 x |0-' 

0.00151 
0.00243 
6.7 x 10--' 
0.00141 
1.08 x 10-- 

(.064 
0.101 
<UH)267 
0.0.56 
<>.<H>430 

-2.344 
-2.137 
-3.70 
-2.374 
-3.489 

c 
c 
c- 
c 
c 

4/1. 5/i. 6/i 
4//. 5/i 
4//. 5« 
4/i. 5/i 
4//. 5/i 
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No. 
Transit'.m 

.//-coupling Paschen 

MA) £i(cm-') £t(cm-') m /•'k /U10" 
sec"') 

/.* Sjat.u.) I»««/" 
Ac-1 
cu- 

racyl 
SOUK 

68 
69 
70 
71 
72 

73 
74 
75 
76 
77 

78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

v[*: 
4/a 
4s' 
4s 
4s 

■-zi 
-5/'M 

4s' ft] 8-5/» [|] 
4s' ft °-5/, f 
4s' i °-5/, i 
4s' X °-5„ i 
Is' ft •-up [1] 
4s'[ft 
is'U 
üb 

-5//|] 
-vti '-vm 

4s i] °-6,, I] 
4s 
4s i °-6,, 

°-6,, l': 4s i °-6,, I 
4s i °-6„ i: 
4s 

4s[i 

4s' 

°-6/>[i] 
°-Mti 
°-6/>rfi 
°-6/»ij 
°-6/>'tf] 

4s' 
4s' 
4s' 
4s' 
4.« 

- M 
-6/4 
-6/»' 
-6„'| 
'-6// 

4/> * -3// ft] 
4,, ft -3,1 i 
4/' i -3,1 * 
4/' 1 -3,1 I 
V T -3,1 * 

96   4s'm°-7/;[i] 
97,4s'ti]0-Vllj 

V8 
W 

100 
101 
102 

103 
104 
105 
106 
107 

108 
109 
110 
111 
112 

113 
114 
115 
116 
117 

4/> 
4,, 
\,> 
4/, 
4/» 

[! \-3d [ft] 
I -3,1 ft 
1 -3,1 i 
ft -3,1 i 
I -3,1 i 

4/' l]-3»/[|]° 
4/' l]-3f7*[ 11 
4/' 1-341 0 

4/' l]-3rf[i ]° 
4/»[ H-3./H 1° 

-3,1'iir -Mir 
-Mir 
-M[ir 

ls,i~3/»io 
ls:,-3/)7 

ls:|-3/;4 
lS;| — 3/)2 

ls2-3/(|o 

1S-2-3/*K 
lsa-3//7 
lsj-3/»« 
l*s—3/»5 
1S4-3/I4 

lsj —3/»:i 
l*a—3/>a 
ls2-3/;. 

Is.-,-4/1» 
l.*s—4/»it 
114—4//|0 
ls4-4//B 

1 s4—4/*T 

ls4-4/>« 
ls4-4/>s 

ls4-4/;:, 
l«.i-4/*io 
ls:i-4/;4 

lsä-4/>io 
Is» —J/<;, 
ls2-4/<:i 
ls2~4/<2 
ls2-4/»i 

I Si — 5/1» 
ls> —5/»i 

2/>io - 3(/B 

2/<HI—3</I 

2/>,»-3(/3 

2/*-3tf 
2/j„ -3rfi 

2pH-3rfs 
2//R-3//4 

2//,,-3,/:, 
2/>»—3f/j 
2i>H-3,ri 

2I>H-3,1', 
2»H-3S? 
2/»7-3«/ii 
2/>j-3f/i 

2i>7-3,r; 

2/>7-3s'i' 
2//«-3//4 
2//«-3//:, 
2//«—3s'i' 
2/*«—3s! 

4522.32 
4424.00 
4191.03 
4181.88 
4702.32 

4628.44 
45%. 10 
4589.29 
4510.73 
4345.17 

4333.56 
4335.34 
4259.36 

3567.66 
3554.30 
3659.53 
3643.12 
3634.46 

3632.68 
3606.52 
3461.08 
3770.37 
3563.29 

3894.66 
3834.68 
3670.67 
3675.23 
3649.83 

3572.30 
3406.18 

13214.7 
12956.6 
12439.2 
12554.4 
12112.2 

16122.7 
13504.0 
15329.6 
11719.5 
12802.7 

12343,7 
11078.9 
16520.1 
12402.9 
13622.4 

11467.5 
14739.1 
16940.4 
11668.7 
10950.7 

94554 
94554 
94554 
94554 
95400 

95400 
95400 
95400 
95400 
95400 

95400 
"5400 
9.5400 

93144 
93144 
93751 
93751 
93751 

93751 
93751 
93751 
94554 
94554 

95400 
95400 
95400 
9." 400 
95400 

95400 
95400 

104102 
104(02 
104102 
105463 
105463 

105617 
105617 
105617 
105617 
105617 

105617 
105617 
106087 
106087 
106087 

106087 
106238 
106238 
106238 
106238 

116660 
117151 
118407 
118460 
116660 

116999 
117151 
117184 
117563 
118407 

118469 
118460 
118871 

121165 
121271 
121069 
121192 
121257 

121271 
121470 
122635 
121069 
122610 

121069 
121470 
122635 
122601 
1227'il 

123385 
124750 

111668 
111818 
112139 
113426 
113717 

111818 
113020 
112139 
114148 
113426 

1137)7 
114641 
112139 
114148 
113426 

114805 
113020 
112139 
114805 
115367 

9.5 x 10-* 
8.4 X 10-s 
0.0056 
0.0058 
0.00113 

4.25 x 10- 
0.00102 
5.1xl0--> 
0.0123 
0.00313 

0.0060 
0.00387 
0.0415 

0.0012 
0 0029 
4.7x10"* 
2.6 x 10-« 
0.0014 

7.0 x 10-* 
0.0081 
7.1X10* 
7.4 x 10-* 
0.0013 

6.1 x 10-* 
0.0080 
3.3 x 10-* 
5.2 x 10-* 
0.0085 

0.0054 
0.0041 

0.091 
0.083 
0.055 
0.0014 
0.035 

4.4x10* 
0.12 
0.0014 
0.0107 
0.064 

0.1,22 
0.0093 
0.0029 
0.12 
0.082 

0.00415 
9.9 X )0-* 
0.028 
0.0423 
0.00445 

8.7 x 10-* 
7.4 x 10-* 
0.00442 
0.00456 
3.75 X 10-* 

2.28 x 10-* 
3.23x10- 
2.7 X 10-» 
0.00125 
8.9 x 10-* 

0.00282 
0.00109 
0.00376 

3.2 x 10- 
5.5X10- 
9.4 x 10- 
8.6 X 10- 
2.8 x 10- 

2.3 x 10- 
5.3*10- 
2.1x10- 
4.7 x 10 
7. ix 10- 

1.4 x 10- 
.'».9X10 
1.1 x 10- 
1.1 x 10- 
5.7X10 

3.4X10- 
2.4x10- 

0.079 
0.21 
0.21 
0.0024 
0.077 

0.0010 
0.47 
0.0O49 
0.0132 
0.16 

0.071 
0.0172 
0.020 
0.27 
0.38 

0.0136 

0.0045 
0.12 
0.086 
0.00480 

0.0130 
0.0011 
0.061 
0.063 
0.0174 

0.0104 
0.0)47 
0.0012 
0.056 
0.0380 

0.121 
0.0467 
0.158 

0.019 
0.032 
0.0034 
0.0031 
0.010 

0.0083 
0.019 
0.0073 
0.0059 
0.0087 

0.0053 
0.022 
0.0040 
0.0038 
0.020 

0.012 
0.0080 

10 
27 
26 
0.68 

21 

0.27 
100 

1.2 
2.55 

33 

14 
3.13 
3.3 

32 
51 

1.54 
1.1 

34 
16.6 
0.87 

-3.060 
-4.13 
-2.355 
-2.341 
-2.95 

-3.165 
-3.014 
-4.09 
-2.426 
-2.57 

- 2.073 
-2.485 
-1.95 

-2.80 
-2.56 
-3.55 
-3.59 
-3.08 

-3.16 
-2.80 
-3.20 
-3.33 
-3.13 

-3.38 
-2,75 
-3.48 
-3.48 
-2.77 

-2.99 
-3.14 

-0.63 
-0.20 
-0.20 
-1.77 
-0.27 

-2.30 
0.37 

._ i t.\ 

~ i! 180 
,-0.10 

-0.45 
-1.066 
-1.22 
-0.09 
0.06 

-1.388 
-1.65 
-0.22 
0.367 
!.62 

C 
D 
C 
C 
c 
c- 
c 
D 
C 
(. 

r 
C 
c 

D 
D 
I) 
D 
D 

D 
D 
D 
D 
D 

D 
I) 
D 
D 
D 

D 
D 

D 
D 
D 
D 
D 

D- 
D 
r 
L. 

c 
D 

D 
i] 
I) 
D 
D- 

<: 
D 
D 
<: 
c 

4/i. 5«. 6/i 
4;I . 5«. 6;i 

5// 
4/i. 5/i 

4/i. 5/1.6/1 

4.-I.5//.6/I 
4/1.5/1.6// 
4/i. 5/i.6ii 
4//. 5/1.6// 
4//. 5/1.6/1 

j 4//. 5//.6/I 
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An.   Allowed Transitions—Continued 

No 
Transition 

x<Ai f.'ilcm-'l £*lc>m-M A'l A •/«(HO" 
sec-') 

fin Sjat.u.) log ä/' 

Ac- 
cu- 

racy 
Source 

./'/-coupling Paschen 

118 
119 
120 
121 
122 

4/'[i 
Vi 
4//[ 
4/>'[ 

1-341 
|-3r/'[ 
■1-3«/' 
! -3// 
!]-.V 

ft 

IF 
[!i° 

2//.1-3//2 

2//J —3j|' 
2//4-3//« 
2/^-3f/.i 
2/*4-3s"' 

14093.6 
12026.6 
22039.2 
21332.2 
13313.4 

107054 
107054 
107132 
107132 
107132 

114148 
115367 
111668 
111818 
114641 

1 
1 
3 
3 
3 

3 
3 
1 
3 
5 

0.048 
0.0C47 
0.0014 
3.6 X 10-' 
0.15 

0.43 
0.031 
0.0033 
0.0025 
0.65 

20 
1.2 
0.71 
0.52 

85 

-0.37 
-1.51 
-2.00 
-2.12 

0.29 

D 
D 
D- 
D- 
D 

9/i 
9/1 
9« 
9H 

9« 

123 
124 
125 
126 
127 

4//'[ 
4// [) 
Vt 
4/''[ 
Vt 

r —3*/r 

1 -3< 
11—a#r 

til0 

J° 
11° 
11° 
[11° 

2/»j-3si 
2//3-3//\ 
2//:l-3</:1 

2//:t-3f/i 
2/1.1 -3*7' 

12139.8 
22077.4 
20616.5 
|:S55.5 
'3599.2 

107132 
107290 
107290 
107290 
107290 

115367 
111818 
112139 
113717 
114641 

5 
5 
5 
5 

3 
3 
5 
1 

5 

0.051 
0.0016 
0.0044 
1.1 x 10* 
0.025 

0.11 
0.006Ö 
0.028 
5.8 x 10-' 
0.070 

14 
2.5 
9.6 
0.15 

16 

-0.48 
-1.47 
-0.&5 
-2.54 
-0.46 

D 
D 
D- 
D- 
D- 

9/i 
9/i 
9« 
9/i 
9n 

128 
129 
130 
131 
132 

V| 
4//'[ 
4/»'[ 
V 
V 

i]-3</[ 

F -3// 
fj—3#/" 

tir 

[ir 

2/>:| — 3s'," 
2/*2 — 3f/« 

tyt-34 
2//*-3f/:1 

2//*-3s',' 

13273 1 
23967.5 
23133.4 
21534.9 
13678.5 

107290 
107496 
107496 
1074% 
1074% 

114822 
111668 
1)1818 
112139 
114805 

5 
3 
3 
3 
3 

7 
1 
3 
5 
5 

0.17 
0.0041 
0.0019 
0.0012 
0.070 

0.61 
0.012 
0.015 
0.013 
0.33 

130 
2.8 
3.5 
2.9 

44 

0.48 
-1.44 
-1.35 
-1.41 
-0.00 

D- 
D- 
D 
D 
D- 

9H 
9/i 
9/i 
9/i 
9/1 

m 
134 

4//[i]-3,/m° 
Vti]-:W'[i]0 

2/<j — 'is', 
2//,—3si 

12702.4 
15046.4 

1074% 
108723 

115367 
115367 

3 
1 

3 
3 

0.080 
0.058 

0.19 
0.59 

24 -0.24 
-0.23 

D 
D 

9/i 
9« 

135 
136 
137 
138 
139 

4//[i 
4//[i 
4/i i 
4/'[i 
4/i i 

-4//[i 
-4//[j 

-Mi 
-4//'[ 
-4//'[ 

0 

' 0 

0 

r 

2/Jio-4(/« 
2/>io-4</j 
2//,ii—4//:, 
2/»ni—4s'," 
2/»n(—4s',' 

6937.67 
6871.29 
6752.84 
6052.73 
6059.37 

104102 
104102 
104102 
104102 
104102 

118512 
118651 
118907 
120619 
120601 

3 
3 
3 
3 
.> 

1 
3 
5 
5 
5 

0.0321 
0.0290 
0.0201 
0.0020 
0.00423 

0.0077 
0.0205 
0.0229 
0.0018 
0.00388 

0.53 
1.39 
1.53 
0.11 
0.232 

-1.64 
-1.211 
-1.163 
-2.27 
-1.93 

C 
C 
C 
D + 
C 

5H 
5// 
5-i 
5« 

5«. 6« 

140 
141 
142 
143 
144 

4/>[i 
4//H 
4/'H 
4/^ J 
4/i[| 

-4//[ 

-4./H 

-4f/'[ 

r 
:  0 

0 

ir 

2/»ni—4sJ 
2/*a-4r/j 
2/*.—4(4 
2/)!)-4r/:i 
2/'»-4s'i" 

5912.09 
7372.12 
7270.66 
7436.25 
65%. 12 

104102 
105436 
106436 
105436 
10.5436 

121012 
119024 
119213 
118907 
120619 

3 
7 
7 
7 
7 

3 
9 
7 
5 
5 

0.0105 
0.020 
0.0011 
0.0028 
2.4 x 10-' 

0.0054 
0.021 
8.4 x 10-' 
0.0016 
1.1 X10-' 

0.320 
3.5 
0.14 
0.28 
0.017 

-1.79 
-0.84 
-2.23 
-1.94 
-3.11 

C 
Dt- 
D 
D 
D 

5/1. 6/i 
5« 
5« 
5/i 
6» 

145 
146 
147 
148 
149 

»/» 3 
»/' 5 
4/»[| 

1// ä 

-4«/'[ 
-4</'[ 
-Wii 
-4//j 
-4./[i 

r 
i° 
0 

0 

0 

2//»-4s'," 
2/>«-4s',' 
2/'K —4(/;, 
2/'K--4</4 
2/»«-4i/i' 

6538.11 
6604.02 
7670.04 
7353.32 
7229.93 

105436 
105436 
105617 
105617 
105617 

120754 
120601 
118651 
119213 
119445 

7 
7 
5 
5 
5 

7 
5 
3 
7 
5 

0.0011 
0.0029 
0.0029 
0.010 
6,9X10-' 

7.2 x 10-' 
0.0013 
0.0015 
0.012 
5.4 x 10-' 

0.11 
0.20 
0.19 
1.4 
0.064 

-2.30 
-.2.03 
-2.12 
-1.24 
-2.57 

D-l- 
D + 
D 
D + 
D 

5/i 
5« 
5« 
5/i 
5« 

150 
151 
152 
153 
154 

4,-5 
4<l 
4/.J 
4/i i 
4</ jj 

-4//'[ 
-4</' 
-W 
-4,/N 
-4</[j 

ir 

F 

2/is—4*"' 
2/JM—4s i" 
2//M-4S| 

2//7-W« 
2,;T-W, 

6664.05 
6604.85 
6493.97 
8046.13 
7798.55 

105617 
105617 
105617 
106087 
106087 

120619 
1207.54 
121012 
11H512 
119807 

5 
5 
5 
3 
3 

5 
7 
3 
1 
5 

0.0016 
I.4X10-» 
3.1 x |0-' 
0.0117 
9.1 X10-« 

0.0011 
1.3X10-' 
1.2x10-' 
0.i>«379 
0.0014 

0.12 
0.014 
0.013 
0.301 
0.11 

-2.28 
-3.19 
-3.22 
-1.94 
-2.38 

T) + 
D 
D 
C 
D + 

5« 
S/i 
(•// 
5-i 
5./ 

155 
156 
157 
158 
159 

4/»[Ji 
4/i 1 
4#»l!l 
VI 
4,'IÜ 

-4,/fj 
-4«/[| 
-lit 
-u 
-u 

1* 
ir 
ir 

2/»r-4</, 
■!,>,-un 
2/»--4s'r 
2/»--4si' 
2/»--4s,' 

7265.17 
7481.2t 
6879.59 
6888.17 
6698.47 

106087 
106087 
106087 
106087 
106087 

119848 
119445 
120619 
120601 
121012 

3 
3 
3 
3 
3 

3 
5 
5 
5 
3 

0.0018 
0.0035 
0.0019 
0.0026 
2.6 x 10' 

0.0015 
0.0049 
0.0023 
0.0031 
1.7 X 10-' 

0.10 
0.37 
0.16 
0.21 
0.0S2 

-2.36 
-1.83 
-2.16 
-2.04 
-3.29 

D 
D + 
D + 
D + 
D 

5« 
5« 
5n 
5/i 
5« 

160 
161 
162 
!<>3 
161 

■Mi 
4/» | 
4/4Ü 
4/i j 
l/*I 

-Ml 

-4«/ 

-1,/'| 

- 
• 

JI- 

2/».,-4(-, 
2/(«-4(/t 
2/».|-4(/:i 
2/i«- l.*i" 
2/»«- Is'," 

8053.31 
7704.81 
7891.08 
6951.46 
6887.10 

106238 
106238 
106238 
10623« 
106238 

118651 
II9213 
118907 
120619 
120754 

5 

5 
5 
5 

3 
7 
5 
5 
7 

0.0090 
6.6X10-' 
0.0099 
0.0023 
0.0014 

0.0053 
8.2 X 10-' 
0.0092 
0.0016 
0.0014 

0.70 
0.10 
1.20 
0.19 
0.16 

-1.58 
-2.39 
-1.337 
- 2.09 
-2.16 

C 
D 
C 
D 
D + 

5/i 
5« 
5/i 
5/f 
5« 

165 
IM 
167 
168 
169 

>/' i 
Vi 
4/.1 
4/1 I 
V 

-»«/'| 
- W 
-4./J 
- W 

11-w 

II" 
ir 
ft 

2/»«- Is',' 
2,««- l»\ 
2/.,-4rA 
2/»\- 1«! 
2/>i- W« 

6960.23 
6766 6! 
8620.16 
7!?.2.57 
8784.61 

106238 
106238 
107054 
107051 
I07132 

120601 
121012 
118651 
121012 
118512 

5 
5 
1 
1 
3 

5 
3 
3 
3 
1 

0.0025 
0.0042 
0.00% 
6.0 x 10-' 
0.0025 

0.0018 
0.0017 
0.0321 
0.0014 
9.5 X 10-' 

0.21 
0.19 
0.91 
0.0S.1 
0.082 

-2.04 
-2.07 
-1.493 
-2.85 
-2.55 

D 
D + 
C 
I) 
D 

5» 
5« 
5« 
5/i 
5/i 
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Arl.    Allowed Transitions -Continued 

No. 
Transit!) 11 

XlA) Kit.vm ') £tlcm 'I fti A'» 4,(10" fa S(a».u.) l»(5 Kf 

i 

Ac- 
cu- Source 

.//-coupling Paschen 
sec-') racy 

170 
17! 
172 
m 
174 

4/>'[ 
V 
V v 
V 

?]-4</[ 
1-4,1" 
i -4</' 
I! -4,/r 
ij-4,/1 

11° 

1- 
IF 

2/J-i — 4f/:i 
2/>4-4.s;" 
2/»,-4s'; 
2/»:|-4</, 

8490 30 
7412.33 
7422.26 
8799.08 
8384.73 

107132 
107132 
107132 
107290 
107290 

118907 
i206l9 
120601 
118651 
119213 

3 
3 
3 
5 

5 
5 
5 
3 

0.0010 
0.0041 
6.9 x KM 
0.0048 
0.0025 

0.0019 
0.0057 
9.5 x 10-* 
0.0033 
0.0036 

0.16 
0.42 
0.070 
0.4« 
0.50 

- 2.25 
-1.77 
- 2.55 
-1.78 
-1.74 

I) 
D + 
D 
D + 
D 

S« 
A» 
5« 
5/i 
5« 

175 
176 
177 
178 
17V 

V ' VI 
V[ 
4/.' 

11-4,/tj 
-«• 

!J-4</'( 
!j-4,/'[ 
H-WH 

TO 

i? 
(• 
i° 

'  0 

2/#!|-4«/» 
2/i:i-4.vi',' 
2/':|-4.si' 
2/*:i-4si 

8605.78 
7425.29 
7510.42 
7285.44 
9075.42 

107290 
107290 
107290 
107290 
1074% 

118907 
120754 
120601 
121012 
118512 

5 
5 
5 
5 
3 

5 
7 
5 
3 

1 

0.0108 
0.0032 
0.0047 
0.0013 
0.013 

0.0120 
0.0037 
0.0040 
6.0x10-' 
0.0051 

1.70 
0.45 
0.49 
0.072 
0.46 

-1.222 
-1.73 
-1.70 
- 2.52 
-1.82 

C 
D 
D 
D 
D 

5« 
5H 
6« 
5/i 
5/i 

181) ■ 
181 
182 

V 
V 
V 
V[ 

H-4./H10 

i -w/[| • 
1]-W'[!]° 
H-WII]* 

2//,.-4«/, 
2/»2-4</:, 
2/»2-4si'" 
2/»-..-4sl' 

8962.19 
8761.69 
7618.33 
7628.H6 

1074% 
1074% 
1074% 
1074% 

118651 
118907 
120619 
120601 

3 
3 
3 
3 

3 
5 
5 
5 

0.0017 
0.0099 
0 0030 
0.0030 

0.0020 
0.019 
0.0044 
0.0044 

0.18 
1.6 
0.33 
0.33 

-2.22 
-1.24 
-1.88 
-1.88 

D + 
D + 
D 
D 

5/i 
5/i 
5/i 
5/i 

184 
ias 
186 
187 
!88 

4/4i 
4/<fi 
VI 
4/4* 
4/4* 

-Mil 
-5s W 
-•VLi]0 

2/.|«-2s, 
2/»KI—2s4 
2/<i«-2s:, 
2/<I.I—2s2 

2//»-2s-, 

10673.6 
10178.0 
9291.53 
9194 64 

12487.6 

104102 
104102 
104102 
104102 
105463 

113469 
113643 
114862 
i14975 
113469 

3 
3 
3 
3 
7 

5 
3 
1 
3 
5 

0.049 
0.0274 
0.0366 
0.0198 
0.12 

0.14 
0.0451 
0.0158 
0.0251 
0.19 

15 
4.67 
1.45 
2.2» 

.56 

- 0.38 
- 0.87 
-1.324 
-1.123 

0.12 

D- 
C 
C 
c 
D- 

11 
9ii 
9« 
9// 
9/i 

189 
190 
191 
192 
IM 

4/4* 
4/41 
4/<[i 
4/»fi 
4/'[i 

]-M[I] 

]-5s'[i]° 
-Mir 

j-MI]0 

2/»» — 2s.-, 
2/<K—2s4 

2/'M—2sj 
2/IT-2.V, 
2i>--2.u 

12733.6 
12456.1 
10683.4 
13543.8 
13231.4 

105617 
105617 
105617 
106087 
106087 

113469 
113643 
114975 
113469 
113641 

5 
5 
5 
3 
,5 

5 
3 
3 
5 
3 

0.012 
0.10 
0.0021 
0.0016 
0.046 

0.030 
0.14 
().(X)22 
0.021 
0.12 

6.3 
28 
0.39 
2.8 

16 

-0.82 
-0.15 
-1.96 
-1.20 
-0.44 

D 
D- 
E 
E 
D- 

9// 
9// 
11 
11 
II 

194 
19.5 
1% 
197 
198 

4/41 
V[i 
4/41 
4/4i 
4/» [3 

]-.v[ir 
: -5s HI 

j-vur 

2/)7-2s:i 
2//7-2s2 

2//« —2s.-, 
2/»H-2SJ 
2/i« - 2s2 

11393.7 
11248.4 
13825.7 
13499.2 
11441.8 

106087 
106087 
106238 
106238 
106238 

114862 
114975 
113469 
113643 
114975 

3 
3 
5 
5 
5 

1 
3 
5 
3 
3 

0.0249 
0.0028 
0.033 
0.027 
0.0156 

0.0162 
0.00.54 
0.095 
0.045 
0.01»4 

1.82 
0.60 

22 
10 
3.46 

-1.313 
-1.79 
-0.32 
- 0.65 
-1.036 

C 
E 
;)- 

?- 

9« 
11 
11 
11 
9/i 

199 
2(H) 
201 
202 
203 

4/;[J 
4/i[ 
4/»' 
4/»' 
V 

ll-5s[§ 

f]-54i 
i -Sifc 
! -5s' | 

1° 
]° 
]° 

11° 

2/1;, -2sj 
2//,-2s2 

2/»4—2s-, 
2/(1-254 
2/<J-2S:I 

15172.3 
12621.8 
15776.6 
15353.5 
12933.3 

107054 
107054 
107132 
107132 
107132 

113643 
114975 
113469 
113643 
114862 

1 
1 
3 
3 
3 

3 
3 
5 
3 
1 

0.015 
0.003« 
5.9 x KM 
0.0045 
0.11 

0.15 
0.027 
0.0037 
0.016 
0.091 

7.5 
!.l 
0.5H 
2.4 

12 

-0.82 
-1.57 
-1.95 
-1.32 
- 0.56 

D 
E 
K 
E 
D 

9« 
11 
1! 
11 
9/i 

2(M 
205 
206 
207 
208 

V v 
3// 
V 
4/»' 

i]-«"til° 
il-5.s[ii° 

i-vir 
ij-5s[|]° 

2/14 -2*8 
2//»-2s, 
2/<;|-2s4 

2/<:I — 2s2 

2/»-. -2s, 

12746.3 
16180.0 
15734.9 
13008.5 
16739.8 

107132 
107290 
107JX) 
107290 
1074% 

114975 
113469 
113643 
114975 
113469 

3 
5 
5 
5 
3 

3 
5 
3 
3 
5 

0.022 
0.0014 
3.3 x KM 
0.10 
0.0035 

0.053 
0.0055 
7.3 x KM 
0.15 
0.024 

6.7 
1.5 
0.19 

33 
4.0 

- 0.80 
-1.56 
-2.44 
-0.12 
-1.14 

D 
D 
D- 
D 
n- 

9/i 
9/i 
9/, 
9/i 
9/i 

209 
210 
211 
212 
213' 

V 
V 
V 
4,,' 
4// 

2/<2-2s4 
2/<2 — 2s.i 
2//2-2s2 

2i>,-2s4 
2i>,- 2s2 

16264.1 
13573.6 
13367.1 
20317.0 
15989.3 

1074% 
1074% 
1074% 
108723 
108723 

113643 
114862 
114975 
113643 
114975 

3 
3 
3 
1 
1 

3l 

1 
3 
3 
3 

3.4 x KM 
0.051 
0.034 
0.0018 
0 021 

0.0013 
0.047 
0.090 
0.033 
0.24 

0.22 
6.3 

12 
2.2 

12 

-2.41 

- 0.K5 
- 0.57 
-1.48 
-0.62 

D- 

D- 
D- 
D 
D- 

9/1 

11 
II 
9« 
9« 

m 
215 
2.6 
217 
218 

4/' 
4/4 
4/'[ 
4/4 
4/4 

f — 5r/fl 

r 
]° 
1° 
11° 
l]° 

2/<m—5</„ 
2/<io-5</, 
2/<io-5r/:) 

2/»io-5s','" 
2//IO-5S'I' 

5650.70 
5606.73 
5558.70 
5152.30 
5187.75 

104102 
104102 
104102 
104102 
104102 

121794 
121933 
122087 
123506 
123373 

3 
3 
3 
3 
3 

1 
3 
5 
5 
5 

0.0333 
0.0229 
0.011« 
».(Mil 1 
0.0138 

0.0053 
0.010« 
0.0114 
7.2 x KM 
0.0092 

0.297 
0.60 
0.63 
0.037 
0.476 

-1.80 
-1.489 
- 1.466 
-2.67 
-1.55 

<: 

c 
D 
<: 

5 
5 
5 
5 

5/1.6 

219 
220 
221 
222 
223 

4/4 
4/4 
4/4 
4/4 
4/4 

1]- ürfö 
f -.WS 
i'-srf;i 
lj-Srff| 

' c 

c 

' o 
; 0 

0 

2/>»"5//4' 
2/<»-5,/4 

2//»—5(/:t 

2/'»-5,/j' 
2/<» — 5</i 

6032.13 
5987.30 
6013.68 
5943.89 
5927.11 

105463 
105463 
105463 
105463 
105463 

122036 
122160 
122087 
122282 
122330 

7 
7 
7 
7 
7 

9 
7 
5 
5 
7 

0.0246 
0.0013 
0.0015 
3.8 x |fl ' 
3.9 x KM 

0.0173 
6.9 x KM 
5.7 x |(M 
1.4 x KM 
2.1 x KM 

2.40 
0.095 
0.078 
0.020 
0.02« 

-0.91 
- 2.32 
-2.40 
-3.01 
- 2.«3 

<: 
D 
D + 
D- 
l) + 

5/1.6 
5 
5 
5/ 
5/ 

196 



An.    Allowed Transitions—Continued 

Transition 

./'/-coupling Paschen 

K(k) FiU-m-') A'ilcm-'l A'/.- .**•(( 10" 
sec"') 

fa S(at.u.) l»gKf 
Ac- 
cu- 

racy 
Source 

224 
225 
226 
227 
228 

229 
230 
231 

234 
235 
236 
237 
238 

239 
240 
24! 
242 
243 

244 
245 
246 
247 
248 

249 
250 
251 
252 
253 

254 
255 
256 
257 
258 

259 
260 
261 
262 
263 

264 
265 
266 
267 

268 
26" 
270 
271 
272 

273 

271 
275 
276 
277 

*// 
M> 
4/. 
4,» 

4/»l 

■5«/'[i 
•5#/*[» 
"*/'ti]° 
Mi] 

4/> 
4/# 
4,, 

232 4/, 
233 4/. 

-5// 

11- 
i:- 
ii- 
fi- 
ll- 
31- 

i)° 
JO 

-5</m° 
■wfir 

4/> 
4/> 
4,, 
4/i 
4/» 

4,, 

4/( 
4// 
4/i 
Hi 

Hi 
Hi 
Hi 
Hi 
Hi 

•5i7 
5</ 
5// 
W 

•5*/ 

il' -5,/'[ 
-.W'ii] 
-,w 
-.w 

-5,/ 

-.W[l]' 
-.W[l]° 
-.W[| 
-5//'[| 
-W[| 

41-&/[,]■ 
H-WHJ0 

I] -5*/ 
4/>'[f]-.W 
VII]-5rf 

4/V 
4/1- 
4,/ 
4,/ 
4/» 

-.w[ir 
-5./ 

»//' i 
!/'• s 
V Ü 
4,.' 1 
1/'' 1 

¥ 5 
¥ 1 
h> 1 
»/•' ! 

•.WIJ" 
.will' 
-5,/ur 
5</Hi 

5,/lj 
-»/Nr 
-.will 
-5(/[j] 

»/' 1 -6sli 
l/< 1 -6.v|! 
l/< 1 -6s' 

J/' » 6.v' 

»/' 1 -tail 

2/>« - 5ii'" 
2/»»-55," 
2//»-5s',' 
2/»»—5</i 
2/*H-5'/< 

2/<K-5,/2 

2//8-5(/i' 
2/*»-5(/j 
2/(8-5s','" 
«./.'s     AS | 

2/<7-5(/,, 
2/*f-5rf» 
2/(7-5(/:i 
2/<7-5</2 

2/>7-5(/',' 

2/*7 - 5s'," 
2/<7 — 5s!' 
2/)»-5(4 
2/i«-5<A, 
2/)«-5(/;, 

2/<«-5(/j' 
2/<«-5i/i 
2/<«-5s','" 
2//«-5s'," 
2/*«-5s',' 

2/1-,-5(/:, 

2//s—5</2 
2/u-5si 
2/»< - .W« 
2/<j-5(/:, 

2/><-5(/:, 
2/(4 -5s','" 
2/1» —M» 
2/<:i - V< 
2/»:, ~ 5</:, 

2/':i - 
2/-, 

5<A 

♦/< ]-6s[j 0 

i/. ! -ft» II 
W'] -fii'l. r 
»// i -foil 
1/' ! -tali ° 

2/<i~ TH/II 
2//,-5«/, 
2/1..   5sj" 
2/».' - 5si' 

2/»MI-3S, 

2/<ni 3s, 
2/<ni- 3v, 
2/i,(i .Hsu 
2/1» -- 3ss 

2/<» - 3.*» 

2/(«-3s i 
2/(8 -3s. 
2/(7 -3s, 
2/(, 3s j 

5540.87 
5524.% 
5.581.87 
6127.42 
6043.2* 

5916.58 
5999.«) 
5981.90 
5.588.72 
5572.54 

6364.89 
6309.14 
6248.41 
6085.86 
6173.10 

5739.52 
5783.54 
6369.58 
6278.65 
6307.66 

6230.93 
6212.50 
5789.48 
5772.11 
5834.26 

6719.22 
6466.55 
5964.48 
6818.29 
6754.37 

6684.73 
6105.64 
6827.25 
6722.88 
67.VI.I0 

6165.12 
6145.44 
6215.94 
6992.17 
6925.01 

6851.88 
6*56.88 
6244.73 
6296.87 

6416.31 
6384.72 
5882.62 
5,160.31 
7030.25 

7107.48 

7068.73 
6431.5(. 
7353.18 
7311.72 

105463 
105463 
105463 
10.5617 
105617 

10.1017 
10.5617 
105617 
105617 
105617 

106087 
106087 
106087 
106087 
106087 

106087 
106087 
106238 
106238 
106238 

106238 
106238 
106238 
106238 
106238 

107054 

107054 
107054 
107132 
107132 

I »7132 
107132 
107290 
107290 
107290 

107290 
10729(1 
107290 
1074% 
1074% 

1074% 
10" 1% 
1071% 
107496 

10410.» 
I Oil 02 
104102 
104102 
105163 

105617 

105617 
105617 
106087 
106087 

123506 
123557 
123373 
'21933 

■00 

I22.il4 
122282 
122330 
123506 
123557 

121794 
121933 
122087 
122514 
122282 

123506 
123373 
121933 
122160 
122087 

122282 
122330 
123506 
123557 
123373 

121933 

122514 
123816 
121794 
121933 

122087 
123506 
121933 
122160 
122087 

123506 
123557 
i 2337.1 
121791 
i2i m 

122087 
122514 
123506 
123373 

119683 
119760 
121097 
12116) 
119683 

119633 
119760 
121161 
ll%3.i 
119760 

4.3 x 10-' 
0.0018 
5.8x10-' 
0.0011 
0.0153 

6.1 xl()-' 
0.0015 
1.3 x »H 
0.0016 
0.0069 

0.0058 
7 9x 10-' 
7.i X 10-' 
9.4 x 10-» 
0.0070 

0.0091 
8.4x10' 

0.0044 
2.1 X10 ' 
0.0063 

1.3 x 10-' 
0.0041 
4.8 x 10-' 
00021 
0.0052 

0.0025 
0.0016 
8.0 x 10-' 
0.0021 
0.0022 

4.1 X10-' 
0.0126 
0.0025 
3.3 x 10 ' 
0.0038 

0.00103 
0.0079 
0.005» 
0.0078 
0.0012 

7.0 x 10' 
3.2 x i() ' 
2.1 x 10-' 
0.0094 

0.0121 
0.00439 
0.0128 
0.00285 
0.0278 

0.0047 
0.021 
5.3 x 10-' 
0.0021 
0.0)8 

1.4 x 10-' 
8.1 X 10-' 
I.9X 10' 
3.9 X 10' 
0.01 ,'7 

1.9 x 10' 
8.1 x 10-' 
9.8 x 10 •> 
7.3 x .10-' 
0,00450 

0.0012 
4.7 x 10' 
6.9 X 10-' 
5.2 x H)-» 
0.0067 

0.0075 
7.0 x 10-4 

0.0016 
1.7 x 10-4 
0.0038 

7.6 x 10-» 
0.0033 
2.4 x l()-4 
0.0015 
0.00268 

0.0051 
0.0029 
0.0013 
4 9x 10-4 
0.0015 

4.6 x KH 
0.0)17 
0.0011 
3.1 x 10-4 
0.0026 

5.9 X 10-4 
0.0063 
0.0034 
0.0019 
8 9x JO-' 

8.2 x 10-4 
2.1 x i()-4 
2.0 x 10-4 
0.0093 

0.0124 
0.00268 
0.00221 
0.00147 
0.0147 

0.0035 
0.0094 
2.0 x 10-4 
0.0028 
0.014 

0.018 
0.10 
0.025 
0.039 
1.17 

0.019 
0.080 
0.00% 
0.067 
0.413 

0.074 
0.029 
0.013 
0.0031 
0.406 

0.43 
0.040 
0.17 
0.018 
0.39 

0.0078 
0.34 
0.023 
0.14 
0.257 

0.11 
0.062 
0.025 
0.033 
0.10 

0.030 
0.71 
0.12 
0.035 
0.29 

0.060 
• 0.63 
0.35 
0.13 
0.06) 

0.0.56 
0.014 
0.013 
0.58 

0.79 
0.169 
0.129 
0.085 
2.38 

0.41 
1.09 
0.02) 
0.21 
1.0 

-3.01 
-2.25 
-2.88 
-2.72 
-1.233 

-3.02 
-2.39 
-3.31 
-2.44 
-1.65 

-2.46 
-2.85 
-2.68 
- 3.81 
-1.70 

-1.65 
-2.68 
-2.10 
-3.07 
-1.73 

-3.42 
-1.78 
-2.92 
-2.14 
-1.88 

-2.29 
-2.53 
-2.89 
-2.83 
-2.35 

-2.86 
-1.455 
-2.28 
-2.81 
-1.88 

-2.53 
-1.50 
-1.77 
-2.24 
-2.57 

-2.61 
-3.20 
-3.22 
-1.55 

-1.429 
- 2.095 
-2.178 
-2.357 
- 0.99 

-1.75 
-1.33 
-3.00 
-2.08 
-1.37 

D 
D + 
D + 
D-r 
C 

D 
D 
D- 
D + 
C 

D + 
D 
D 
D 
C 

D 
D- 
D + 
D 
D + 

D 
D + 
D 
D 
C 

D 
D 
D 
D 
D 

D 
<: 
D 
D 
D+ 

<: 
c 
D + 
D + 
D + 

I) 
D 
D 
D + 

C 
<: 
c 
c 
c 
D + 
I) + 
D 
E 
D + 

Ml 
5/i 
5/i 
5/i 
5/i 

5/i 
5/i 
5/i 
5» 

■VI 

5/i 
5/i 
6/i 
5/1 

5« 
5/i 
5/i 
5/i 
5/i 

6// 
5/i 
5/i 
5« 

5/i. 6// 

5/i 
5/i 
5/i 
5/i 
5/i 

j/i 

5ii 
■,ii 

5// 
5n 

5« 
5/i 
5» 
5/i 
5n 

5/i 
6» 
5/i 
5« 

.>// 
5/i 
5« 

5«. 6// 
5/i 

5« 
5/i 
5/i 

7 
,wi 

197 

»MUM/-**"'"11--' 



An.   Allowed Transitions—Continued 

Transition 

.//-coupling Paschen 

A(A) Eilt-nr') A\(tnr'l Hk MIO» 
sec-1) 

Jik .S'lal.u.) Wfil 
Ac 
cu- 

racy 

278 
27V 
280 
281 
282 

283 
?84 

}:^ 
287 

288 
289 
290 
291 
292 

29.1 
294 
295 
296 
297 

298 
299 
300 
301 
302 

303 
304 
305 
306 
307 

308 
309 
310 
311 
312 

313 
314 
315 
316 
31" 

318 
319 
320 
321 
322 

323 
324 
325 
326 
327 

328 
329 
330 
331 
332 

198 

-,-Mir 
ij-Mi] 

-6s[i~ 
-6s 

4/4ij-6*' 
4/i'tr 
vni « 

i]-<M'[i 
;i -6i[i 
1 -6s [| 
f. -65't 
m-6*t«: 

-Mi]0 

"MIT 
i]° 

vm-fesTi]0 

V 
V 
4/'' 

I/'' 
4/»' 
4,/ 
4// 
4,/ 

4/' 
4/< 
4/' 
4/, 
4/< 

4/' 
4/; 
4/» 
4/; 
4,, 

4,, 
4/» 
4/, 
4/' 
4/. 

-6,1 
-6,/ 
-6,/ 

1° 
ii° 

-Mi]0 

-6c/[l]° 
-will" 
■Wffl' 

-ft'/'ti]' 

-<W'[I]' 

4,; 1 -6,1 iV 
4,, i -6,1 I' 
4/' * -6,1 V 
4,, * -6,1 I 
4/» 1 -6,! UJ 
4/'[i]-6</' 11 
4/'l |-6,/| r 
4// ) 1 -6,/ i 
4/;' i ! -6</ i 
4// 1 -6</ 1 
4/»' 
V 
4// 
4// 
4/,' 

4// 
V 
V 
4// 

i]-w[!]° 
ij-wrir tl-MtiJ' 
i]-6rf[iT 
" -w[i: 

-«'or 
[• 

-6r/ 
-6,1 
-6,1 

4/*'[ij-6,/[i 

2/»7-;is:i 
2/17 - 3*2 
2/>h-3s, 
2/v.-3i4 

2/1»—3s« 

2/».i-3s4 

2M,-:iss 

2/»j-3s:, 
2/>4~3S| 
2/M-3S:I 

2/n-to, 
2/>»-.,i».i 
2/i»-3n 
2/<,|-3Sj 
2/<-.-3.s', 

2/)2 — 3*4 
2/JJ-3S:I 
2/^-3*. 
2,«i — 3«4 
2/»!-3s2 

2/iio-6(/« 
2/>,«-6i/r, 
2/»III—6f/:i 
2/<io-6.«i' 
2/'« - 6,r4 

2ii»—6,lt 

2/»»—6</| 
2/*»-6s'," 
2/)K - 6, U 
2/>K - 6,1" 

2/>H-6s'," 
2/jH-6.«i" 
2/»7-6</:i 
2/<7-6(/i' 
2/)7 — 6s'i'" 

2/»«-6./, 
2/<«-6J/4 

2/(B-6</i' 
2/1«—6</| 
2/»«- 6s'," 

2/)B—6s',' 
2/».-, -6f7s 

2m-6,k 
2/<i-6(/:, 
2/<4— 6</" 

2/>4~ ftsi'" 
2/»4-"6s', 
2/>,-6</, 
2l>3 — (>llA 

2p.-i-6s'," 

2/*:|-6s|' 
2i>>-6(lH 

2i>,-6,l., 
2/»,-6</;' 
2lh-6<h 

6660.68 
6632.09 
7135.33 
7392.97 
6698.88 

7868.20 
7086.70 
7965 '»8 
7916.45 
7158.83 

7125.83 
8066.60 
8016.74 
7206.98 
8203.42 

8151.86 
7350.78 
7316.01 
9057.51 
8037.23 

5151.39 
5162.29 
5073.08 
4768.68 
5495.87 

5459.65 
5442.24 
5078.03 
5506.11 
5490.12 

5127.80 
5118.21 
5641.39 
5635.58 
5254.47 

5802.08 
5700.87 
5683.73 
5681.90 
5286.07 

5309.52 
6090.79 
6119.66 
5994.66 
5988.13 

5559.66 
5574.22 
6179.41 
6064.76 
5597.48 

5623.78 
6243.40 
6128.73 
6121.86 
6779.93 

106087 
106087 
106238 
106238 
106238 

107054 
107054 
10713: 
107132 
107132 

104102 
10410.' 
104102 
104102 
105463 

105463 
105463 
105463 
105617 
105617 

105617 
105617 
106087 
106087 
106087 

106238 
106238 
106238 
106238 
106238 

106238 
107054 
107132 
107132 
107132 

107132 
107132 
107290 
107290 
107290 

107290 
1074% 
107496 
1074% 
108723 

12KW7 
121161 
11%83 
119760 
121161 

119760 
121161 
119683 
119760 
121097 

107132 121161 
107290 11%83 
107290 119760 
107290 121161 
1074% 119683 

1074% 119760 
1074% 121097 
1074% 121161 
108723 119760 
108723 121161 

123509 
123468 
123809 
125067 
123653 

123774 
123833 
125150 
123774 
123827 

125113 
125150 
123809 
123827 
125113 

123468 
123774 
123827 
123833 
125150 

125067 
123468 
123468 
123809 
123827 

125113 
125067 
123468 
123774 
125150 

125067 
123509 
123809 
123827 
123468 

0.0081 
5.5 x 10 * 
0.0094 
0.0075 
0.0017 

0.00365 
0.0016 
3.4 x 10-' 
0.0013 
0.022 

0.0063 
0.0015 
4.2 x 10 ' 
0.0258 
0.0016 

3.3 x 10' 
0.012 
0.010 
9.7 x 10' 
0.00374 

0.0249 
0.0198 
6.1 x HI' 
0.0090 
0.0176 

4.0 x I0-" 
9.7 x MM 
4.9 x KM 
0.0037 
8.9 x KM 

3.4 x 10-' 
0.0028 
9.1 x 10- 
O.(H)K) 
0.0038 

0.0044 
0.0061 
0.0021 
0.0021 
0.0010 

0.0012 
0.003! 
5.3 x 10' 
2.7 x 10' 
6.4 x 10' 

0.0023 
4.8 x 10' 
6.9X10' 
6.0 X 10-' 
0.0044 

0.0015 
0.0014 
9.0X10 -' 
1.4x10 ' 
0.00126 

0.0018 
3.6 x 10' 
0.007b 
0.0037 
6.8 x 10 ' 

0.0102 
0.0036 
5.4 x 10-< 
0.0012 
0.0055 

0.0048 
O.IK) 15 
2.1x 10-s 
0.0121 
0.0027 

3.3 x 10' 
0.0032 
0.0080 
0.0036 
0.0109 

0.00330 
0.0079 
3.9 x 10 ' 
0.IH151 
0.0102 

1.8X 10 -' 
4.3 x 10' 
1.9 x 10-' 
0.0023 
4.0 x 10 ' 

1.3 x 10 ' 
0.0015 
7.2 x 10-' 
7.9 x 10' 
0.0026 

0.0013 
0.0042 
0.0010 
0.001 1 
5.9 x |0 ' 

4.9 x 10« 
0.0052 
3.0 x 10' 
2.4 x 10 ' 
5.7 x 10 ' 

0.0018 
3.7 x 10' 
2.4 x 10 ' 
4.6 x 10 ' 
0.0029 

7.1 x 10' 
2.6 x 10' 
8.4 x :o-' 
1.3X10 ' 
0.00261 

0.12 
0.024 
0.95 
0.45 
0.075 

0.263 
0.083 
».042 
».093 
0.39 

0.34 
0.20 
0.0032 
1.43 
0.22 

0.026 
0.23 
0.58 
0.11 
0.288 

0.168 
0.403 
0.020 
0.21 
1.30 

0.022 
0.054 
0.022 
0 21 
0.036 

0.011 
0.13 
0.040 
0.044 
0.14 

0.13 
0.39 
0.097 
0.13 
0.051 

0.043 
0.10 
0.018 
0.011 
0.031 

0.099 
0.02! 
0.024 
0.046 
0.27 

0.066 
0.016 
0.051 
0.1X179 
0.058 

•2.27 
2.97 
1.41 

•1.73 
2.17 

- 1.99 
- 2.15 
-2.79 
- 2.45 
-1.78 

■1.84 
-2.13 
- 3.92 

1.218 
-2.09 

3.(X) 
- 2.02 

1.62 
2.14 
1.% 

2.1X11 
- 1.63 
2.93 
1 82 
1.46 

-2.90 
- 2.52 
-2.88 
-1.93 
-2.70 

-3.19 
-2.11 
- 2.67 
- 2.63 
-2.11 

-2.18 
- 1.68 
- 2.29 
-2.15 
- 2.53 

-2.61 
- 2.28 
- 3.05 
-3.11 

- 2.27 
- 2.95 
-2.92 
- 2.61 
-1.84 

-2.45 
-3.10 
- 2.60 
-3.41 
-2.58 

I) 
I) 
l) + 
l) + 
l) + 

C 
[)f 
F. 
I) + 
l) + 

l) + 
[) + 
K 
<: 
K 

K 
[) + 
l) + 
E 
C 

c 
c 
I) 
I) 
c 

I) 
I) 
K 
l) + 
I) 

I) 
[)f 
I) 
I) 
K 

I) 
I) 
!) 
I) 
K 

K 
I) 
l)f 
I) 
D- 

I) + 
I) 
1) 
I) 
K 

D- 
I) 
I) 
I) 
<: 

MIMTM» "■■* 



Arl.    Allowed Transitions— Continued 

Nu. 
Transition 

//-coupling 

A(A| 

Paschen 

fiilcnr'l fjlcnr'l A'» 4,(10" 
sec"1) 

/» Slat.u.) Wtf 
Ac- 
cu- 

racy 
Source 

333 
i.H 
335 
336 
337 

338 
339 
340 
341 
342 

343 
344 
345 
34ft 
347 

348 
34» 
350 
351 
352 

353 
354 
355 

35ft 
357 
358 
359 
360 

361 
362 
363 
364 
365 

366 
367 
368 
369 
370 

371 
372 
373 

371 
375 
376 
377 
378 

374 
380 
381 
382 
383 

381 

4,4 t]-7«rr 
4/< \. -Ml' 
4,; i;-7*'[; 
4,/ i -7S'f: 
4/' 11-7.43 * 

4/41 
4/43 
Ml 
4/43 
4/41 

-7.H1 
-7«|i 
-ls[ 
-7,11. 
-7.[| 

I/' i — 7.« [J 
4// 1 — 7.\'[j 
4,- i — IS 

1,, 3 — 7s i 
4/. I — IS i 

4/4 
V 
V 
4/,' 
4//' 

-7s'H 
-7*[! 
-7«'[i 
-7S'[i]° 
-741] 

V 1 -7s' 1 
4,/ 1 — is i 
4,/ i -7 s' li 

-7d 
-7,1 
-7,1 
-'<rm 
-Mir 

ii" 

4/411 —Tr/rj] 
4HI — 7#/|i 
4/4i -74i 
4/4 a -7rfii 
1/41 -7rfU 

4/4J 
t/4i 

»/•[I] 
i 

-7/ 
-7,1 
-7,1 
-7«/fl 

»/'• 3 
»/<• 1 
1/'' 1 

i]-:«/M° 

>/[ll° 

■«/fir 

1/' J -8s 3 
1/' 3 -8A 3 
»/' 3 -8s i 
1/' 3 -8s i 
1/' 

.» 2 -8s II 

■#•111 
1/431- 
1/' 
1/' 
1/' 

[3 
13 
(3 

1/' 131 
Ml 

-8431 
-8.43]° 
-&'»]• 
-843]' 

-8s [ir 
-8.43]° 

2/i|ii—4fti 
2//,u—4s, 
2/<ii>—4s.i 
2//1 II—4s, 
2//„-4s-, 

2/*,—4*I 
2//» —4s i 
2/<»—4*j 
2/»7-4s:, 
2,(7-4s, 

2/'7-4s:, 
2/» -4*2 

2/>«-4s:, 
2/*«—4s< 
2/».-,-4s, 

2//;. -4s, 
2/*,—4s, 
2/»,-4s i 
2/',-4s, 
2/1.1—4s-, 

2/':|-4s, 
2//,-4s., 
2//,-4s, 

2/»ni—7f/fi 
2/»in-7(i 
2/»|II" 7(/;, 
2/»n>—7s" 
2/'»- 7,r, 

2/'»-7</, 
2//»-7//,' 
2/*»-7.', 
2/j—lih 
2/>K — 7,1'i 

2/i7-7r/,' 
2/>«-7//j 
2j>:,-7,l:, 
2/ir, — 7</, 
2/):|-7(/:, 

2/».| — 7«/:i 
2/':|-7s," 
2/», - 7(/i 

2/'in-5.s.-, 
2/1» — 5s:, 
2/>»   .is-, 
2/1» - 5s, 
2/»:~5s:i 

-/.'«— >.v, 
2//R — 5s, 
2//, - 5s, 
2//, - 5.V.I 
2/1.1-5s, 

2/':i - 5s, 
2/i, - 5s, 

5451.65 
5439.99 
3056.53 
5054.18 
5888.58 

5942.ft7 
5928.81 
5473.4ft 
ftl 13.4ft 
6(08.8! 

5ft20.92 
5618.01 
6170.17 
ftl 55.24 
6481.14 

5940.8ft 
ft5l.3.85 
5971.60 
5968.32 
6598.68 

6025.15 
6104.58 
6101.16 

4894.69 
4887.95 
4876.26 
4554.32 
5221.27 

5210.49 
5192.72 
',252.79 
5214.77 
5241.09 

5373.50 
5410.48 
5712.51 
5637.33 
5790.40 

5773.99 
5317.73 
5843.77 

50-18.81 
5421.35 
5467.1ft 
5457.42 
5194.02 

5659.13 
5648.69 
5949.26 
5492.09 
6005.73 

5534.49 
6081.25 

104102 
104102 
104102 
104102 
105463 

105617 
10.5ft 17 
105617 
106087 
106087 

106087 
106087 
1062.38 
106238 
107054 

107054 
107132 
107132 
107132 
107290 

107290 
107496 
107496 

104102 
104102 
104102 
104102 
105463 

105463 
105463 
105617 
105617 
105617 

106087 
106238 
107054 
107054 
107290 

107290 
107290 
107496 

104102 
105463 
105617 
105ft17 
106087 

106238 
I«6238 
107132 
107132 
107290 

107290 
1074% 

122440 
122479 
123373 
12.3882 
122440 

122440 
122479 
123882 
122440 
122479 

12.3873 
123882 
122440 
122479 
122479 

123882 
122479 
123873 
12.3882 
122440 

123882 
123873 
123882 

124527 
124555 
124604 
126053 
1246)0 

124650 
124715 
124650 
124788 
124692 

124692 
124715 
124555 
124788 
124555 

124604 
126090 
124604 

123903 
123903 
123903 
1239.36 
125335 

123903 
123936 
123936 
125335 
123936 

125353 
123936 

0.0049 
0.0020 
0.0059 
0.0047 
0.0)34 

0.0019 
0.011 
0.0021 
4.9X10' 
0.0054 

0.0038 
0.0022 
0.0052 
0.0053 
9.8x10' 

0.0012 
5.6X10-" 
0.011 
0.0019 
3.8X10' 

0.0094 
0.0035 
0.(H)34 

0.019 
0.014 
0.0081 
4.0 x 10 

0.0092 

0.0011 
1.3 x 10 ~* 
0.0056 
0.0022 
0.0014 

0.0028 
0.0021 
9.1 x 10 
9.5 x 10- 
3.5 x |() 

0.0011 
0.0027 
3.4 x 10' 

0,0048 
0.0062 
7.9X 10-' 
0.0037 
0.0081 

0.0027 
0,0013 
0.001ft 
0.0058 
0.0015 

0.0028 
7.8 x MM 

0.0036 
0.7X10-' 
7.5X10' 
0.0018 
0.00498 

9.8x10' 
0.0034 
5.7 xiO-' 
4.6X10' 
0.0030 

6.0 x 10-' 
0.0010 
0.00297 
0.0018 
0.0019 

0.0019 
3.6X10' 
0.0020 
9.9x10 ' 
2.5x10-' 

0.1031 
6.6 x 10-' 
0.0019 

0.0023 
0.0049 
0.0048 
2.1 x 10' 
0.0048 

4.6 x 10' 
5.3 x 10' 
0.0032 
5.3 x 10 ' 
5.6 x 10-' 

0../Ü.M) 
0.0013 
0.0013 
0.0014 
1.1 x 10-' 

5.5 x 10' 
0.0016 
2.9 x 10-' 

0.0031 
0.0020 
3.5 x 10-' 
9.9 x 10-' 
0.0011 

0.0013 
3.8 x |(M 
8.4 x 10' 
8.7 x 10' 
4.7 x 10-' 

7.7X 1(1-' 
4.3X10-' 

0.20 
0.047 
0.038 
0.089 
0.68 

0.096 
0.33 
0.052 
0.028 
018 

0.033 
0.057 
0.301 
0.18 
0.040 

0.037 
0.023 
0.12 
0.058 
0.027 

0.30 
0.040 
0.12 

0.11 
0.24 
0.23 
0.0093 
0.58 

0.055 
0.0063 
0.28 
0.046 
0.049 

0.11 
0.12 
0.025 
0.025 
0.010 

0.053 
0.14 
0.017 

0.15 
0.24 
0.032 
0.089 
0.05ft 

0.12 
0.035 
0.049 
0.047 
0.047 

0.070 
0.02ft 

-1.96 
-2.58 
-2.65 
-2.27 
-1.458 

-2.31 
-1.77 
-2.55 
-2.86 
-2.05 

-2.74 
-2.51 
-I.a3 
-2.04 
-2.72 

-2.72 
-2.97 
-2.22 
- 2.53 
-2.90 

-1.81 
-2.70 
-2.24 

-2.16 
-1.84 
-1.84 
-3.20 

-1.47 

-2.50 
-3.43 
-1.79 
- 2.58 
-2 55 

-2.22 
-2.19 
-2.89 
-2.85 
-3.26 

-2.56 
-2.09 
-3.06 

-2.04 
-1.86 
-2.76 
-2.31 
-2.49 

-2.19 
-2.73 
-2.60 
- 2.58 
- 2.63 

-2.42 
-2.89 

D + 
D + 
D 
D 
C 

D 
D + 
D 
D + 
D + 

D 
D 
C 
D 
D 

D 
D 
D + 
D 
D 

D + 
D 
D + 

D 
D 
D 
E 

D 

D- 
D- 
D- 
D- 
D- 

D- 
D- 
D- 
D- 
D 

D 
E 
D 

D 
D 
D 
D 
D 

D 
D 
D 
E 
D + 

D + 
D 

5/i 
5/i 
5/i 
5/i 
5/i 

5/i 
5/i 
5/i 
5/i 
5/i 

5/i 
5.1 
5/i 
5/i 
5/i 

5/1 
6/i 
5/i 
5/i 
6/i 

5/i 
5/i 
5/i 

5/i 
5/i 
5/i 
6/i 
6» 

6ii 
5/i 
6/i 
6/i 
6/i 

6/i 
6» 
6/i 
6;i 
5/i 

5« 
6/i 
5/i 

5« 
6// 
5/i 
5/i 
5« 

5/i 
5» 
5n 
6« 
5/i 

5/i 
5/i 
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Arl.    Allowed Transitions—Continued 

Transit inn 

jY-i-uuplin}! 

AtA) 1 

Paschen 

fc',1 cm "I fitU'm-'l    fit A i*,l!0» /* Slat.u.) I-»»:«/ 
Ac- 
cu- 

racy 
Suurci 

386 
387 
388 
389 
390 

391 
392 
393 
394 

395 
396 
397 
398 
399 

400 
401 
402 
403 
404 

405 
406 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 
417 

[1  -8./ [*] 
1  -8,/ 4 
1 -8c/ i 
i -8,/ i 
rij-8,/ [41 

if 
4/>_ 
4/44 vm 
4;, 
4/. 
4/, 
4/, 
4/, 

4/> 
4/, 
4/' 
if 
4/i 

-8</ 
-8.-/ 
-8</ 
-8,/[ 

41 -9s i 

I -9, 
-9* 1 

P; -9s 1 
14] -9s i] 

II 

-9,/ 
-9,/ 
-9,/ 

-WiT 

4j[|]-IOs[i iMij: 

4/»[4]-HW[|] 

4/i[J]-10»/[i] 

4fM-\Mm 

4/411 -»W[i]° 

4f»[IJ-lWH]' 

4/411 -Ms[i]° 

4/»UJ-ll</[41' 

4/>[!]-ll,/[i]' 

4/»[|]-l2rf[n° 

Mir-4/m 

2/»io - 8«/,, 
2/>„.-8,/s 

2/>»-8(/; 
2/»»-8</4 

2/»„-8,/s 

2/>«-8,/:l 

2/»«-8</i 
2/»s-8,/s 

2/»4-8»/s 

2/;,,,—6s.i 
2/*»-6s-, 
2/»H—6sj 
2/*«—6s-, 
2/».-,—6s 4 

2/>,„-9,/, 
2/>„,-9,/:1 

2/»!l-9</; 
2/,„-9,/, 
2/>7-9,/" 

2/».|—7s:, 
2/<H—7s) 

2/»I.I- 
10,/,; 

2/'IU- 
10,/s 

2//,,,- 
10,/;, 

2/*,— 
io,/; 

2/>.-,- 
10,/, 

2/,.,—8s-, 

2/,,,,- 
II,A 

2/»,,- 
ii,/; 

2/»„- 
12,/; 

2s,-4X 
2s;,-4Y 

4746.82 
4752.94 
5060.08 
5087.09 
5290.00 

5249.20 
5246.24 
5528.97 
5552.77 

4836.70 
5177.54 
5216.28 
5393.27 
.5639.12 

4647.49 
4642.15 
4956.75 
4989.95 
5104.74 

5032.03 
5070.99 

4587.21 

4586.61 

4584.96 

1886.29 

4921.04 

4937.72 

4544.75 

1835.97 

4798.74 

14876.6 
11786... 

104102 
104102 
105463 
10.5617 
106238 

106238 
106238 
107054 
107132 

104102 
105463 
105617 
106238 
107054 

104102 
KM 102 
105463 
105617 
106087 

105463 
10.5617 

104102 

I04102 

I («102 

105463 

105617 

105463 

104!02 

105463 

105463 

113469 
113469 

125163 
125136 
125220 
125270 
125136 

125283 
125294 
125136 
125136 

124772 
124772 
1247M 
124772 
124783 

125613 
125638 
12.5632 
125652 
125672 

125330 
125332 

1258% 

125899 

125907 

125923 

125933 

125709 

I2MW9 

126135 

1262% 

I20IH8 
120230 

3 1 

3 
I 

3  5 

9 

0.0037 
0.0047 
0.0039 
».0017 
9.4 x |0-< 

8.2 x 10 ' 
0.0012 
0.0012 
H.2X 10 < 

0.00106 
0.0025 
0.0014 
0.0010 
0.0022 

0.0013 
O.OO'i» 
0.1, 
0.001 I 
9.1 XlO 

8.5 X |0 < 
0.0027 

0.0051 

0.0024 

0.0017 

0.0012 

6.1 x 10 

3.8 x 10 ' 

8.6 x 10 ' 

9.7 x 10 ' 

9.2 x 10 • 

6.0 x |()-< 
0.0021 

4.2 x 10 
0.0016 
0.0019 
<'.4x 10 
2.4 x 10 

3.4 x |t» 
6.6 x 10 
0.0017 
3.8 x III 

6.2 x 1'. 
7.3 x 10 
3 4 x 10 
4.5 x 10 
0.0031 

4.2 x 10 
5.4 x 10 
9.0 x 10 
5.6 x 10 
5.9 x |0 

2.3 x 10 
6.3 x 10 

5.4 x 10 

7.6 x |() 

8.9 x 10 

5,3 x 10 

3.1 x 10 

9.9 x 10 •■ 

2.7 x 10 « 

4.4 x 10 ' 

4.1 x 10 • 

0.0032 
0.017 

0.020 
0.075 
0.22 
0.079 
0.02 i 

0.029 
0.(.<.->7 
0.031 
0.021 

0.02% 
0.087 
0.029 
0.040 
0.058 

0.020 
0.025 
0.10 
0.046 
0.030 

0.027 
0.053 

0.024 

0.034 

0.040 

0.062 

0.025 

0.011 

0.012 

0.049 

0.045 

0.71 
4.1 

2.90 
2.32 
1.87 

•2.33 
2.92 

2.48 
•2.77 
2.94 

-2.73 
-2.29 
-2.77 
- 2.65 
- 2.50 

• 2.90 
-2.79 
-2.20 
-2.55 

-2.79 
- 2.50 

-2.79 

- 2.61 

-2.57 

-2.42 

-2.K1 

-3,16 

- 3.09 

-2.51 

- 2.54 

-1.80 
-1.07 

E 
K 
E 
E 
K 

E 
E 
E 
E 

<: 
I) 
I) 
I) 
I) 

E 
E 
E 
E 
E 

E 
E 

E 

E 

E 

E 

E 

1) 
1) 

6« 
6/' 
<;n 
(,n 
hn 

6« 
6M 

6M 

6M 

hn 
5/i 
6n 
6M 
6« 

ft« 
(m 
6,1 
(VI 

hn 

(m 
6« 

ft« 

6« 

6,i 

6« 

6,i 

6« 

6M 

6M 

9N 

9M 
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Arn 

Ground State 

lonization Potential 

\st2si2pv3si3piIPli1 

27.63 eV = 222848.2 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength |A| No. Wavelength |A| No. Wavelength |A| N„. 

718.091 3 3476.75 34 3765.27 63 
723.,3ol 3 3487.32 38 3770.52 63 
725,550 3 3491.24 34 3780.84 37 
730.929 3 3491.54 34 3786.38 6 
737.457 2 3499.48 8 3796.60 61 

740.270 2 3509.78 34 3799.38 37 
745.323 2 3514.39 34 3803.17 61 
748.198 2 3517.89 8 3808.58 6 
919.782 "] 3520.00 38 3809.46 63 
932.053 1 3521.26 38 3819.02 60 

'S000.44 44 3535.32 34 3825.68 60 
3028.91 50 3545.60 45 3826.81 37 
3093.40 50 3545.84 55 3830.39 6 
3139.02 36 3548.52 38 3841.52 37 
3161.37 54 3550.03 43 3844.57 23 

3169.67 36 3559.51 45 3844.74 37 
3181.04 36 3561.03 55 3845.41 21 
3194.23 35 3562.19 55 3850.58 22 
3204.32 46 3565.03 39 3855.16 47 
3212.52 36 3576.61 38 3868.52 52 

3225.97 35 3581.61 38 3872.14 37 
3236.81 49 3582.36 38 3875.26 5 
■243.69 36 3588.45 38 3880.34 37 
3249.80 36 3600.22 58 3891.40 5 
3263.5/ 35 3603.46 39 3891.98 5 

3273.32 46 3622.14 63 3900.62 37 
3281.70 36 3639.83 59 3911.57 37 
3293.64 49 3650.89 64 3914.77 5 
3307.23 49 3655.28 48 3922.36 23 
3350.93 57 3656.05 42 3925.72 73 

3361.75 57 3669.61 63 3928.63 22 
3365.54 57 3671.01 58 3931.24 5 
3366.59 49 3678.27 63 3932.55 52 
3370.93 39 3680.06 59 3944.27 5 
3376.44 57 3706.94 7 3946.10 73 

3379.46 40 3709.92 42 3952.73 51 
3388.53 53 3714.74 6 3958.38 41 
3397.90 40 3717.17 42 3968.36 5 
3414.46 56 3718.21 62 3974.48 21 
3421.62 39 3720.43 63 3974.75 20 

3429.62 56 3724.52 62 3979.36 52 
3430.42 40 3729.31 22 3988.16 41 
3432.59 56 3737.89 62 3992.05 5 
3454.10 34 3750.49 6 3994.79 33 
3464.13 45 3763.50 37 Mil 1.20 66 
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Aril.    Allowed Transitions—Continued 

Wavelength (A) No. Wavelength [A] No. Wavelength [A] No. 

4013.86 5 4370.75 17 5017.63 25 
4033.82 65 4371.33 4 5062.04 18 
4035.46 32 4375.95 29 5141.79 16 
4038.81 5 4379.67 19 5145.32 25 
4042.90 32 4383.75 28 5215.11 25 

4052.92 33 4400.10 4 5286.90 25 
4057.67 21 4400.99 4 5724.33 24 
4060.6 21 4420.91 4 5843.78 24 
4065.11 41 4426.01 19 5950.91 24 
4072.01 32 4430.19 19 6077.43 24 

4076.64 65 4431.00 4 6103.55 13 
4076.94 68 4448,88 75 6138.66 10 
4079.58 32 4160.56 4 6212 24 
4082.39 20 4481.81 17 6243.13 10 
4103.91 65 4535.49 72 6399.22 10 

4103.91 68 4545.05 27 6483.08 13 
4112.82 20 4547.76 69 6638.23 9 
4131.73 31 4564.42 71 6639.74 9 
4147.38 21 4579.35 29 6643.72 9 
4156.09 65 4587.90 28 6666.36 12 

4178.37 19 4589.90 30 6684.31 9 
4179.30 65 4609.56 30 6756.55 «; 
4201.97 20 4637.25 30 6808.53 11 
4218.67 68 4657.89 27 6861.27 12 
4222.64 70 4721.59 71 6863.54 9 

4226.99 74 4726.86 26 6386.62 9 
4228.16 20 4735.91 18 
4237.22 31 4764.86 27 
4255.60 67 4806.02 18 
4266.53 19 4847.82 18 

4275.16 70 4865.92 71 
4277.52 31 £79.86 26 
4282.90 19 .889.03 27 
4300.65 15 4904.75 14 
4331.20 19 4933.21 18 

4332.03 4 4952.92 25 
4337.07 74 4965.07 26 
4348.06 19 4972.16 18 
4352.20 4 5009.33 18 
4362.07 17 5017.16 16 

For some vacuum uv lines of this spectrum we could utilize the radiative lifetime measurements 

of Lawrence [1|, based on the delayed-coincidence technique, and the intermediate-coupling: 

calculations of Statz et al. [2|, based on Hartree-Fock wavefunctions in the radial integral. 

In the visible region, many experimental and theoretical determinations of transition proba- 

bilities have been carried out. As a common absolute basis for mucl< of our tabulated data in this 

region, we have chosen the accurate lifetime determinations of the 4/> levels by Bennett et al. [7|. 

This experiment is considered the most advanced of the three recent lifetime measurements 

(Bakos et al. [8j and Matilsky and Hesser [9|) since, in contrast to the others, it completely eliminates 

cascading effects by using electron excitation of the atomic states ai the corresponding threshold 

energies. 
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Of the other experiments which provide many individual transition probabilities, we have 
adopted the recent wall-stabilized arc measurements of Shumaker and Popenoe [3] and Schnapauff 
[5J. (Schnapauff has <lso employed in some cases a hollow cathode as a light source.' Shumaker 
and Popenoe's values have been chosen, where available, in preference to those of Schnapauff 
(with whom they are normally in good agreement), because they employ more advanced data 
processing and evaluating techniques. The expected increased precision appears to be reflected 
in their results which provide a better fulfillment of the ./-file sum rule for the 4s — 4p array and 
exhibit the apparent slow variation of the radial transition integral in this array. Shumaker and 
Popenoe's values are also in better agreement with the theoretical calculations described below 
and their" measured absolute scale is very close (within about 10%) to our adopted scale provided 
by the lifetime measurements of Bennett et al. [7|. However, as a single exception, values for the 
4s4P -4/>4S° multiplet do not satisfy the ./-file sum rule very well and, consequently, we have 
reduced our accuracy-estimates for these lines. 

For many other lines of moderate strength in the visible where no reliable measurements are 
vailable, we have applied the intermediate-coupling calculations of Statz et al. [2], described 

above, as well as (hose of Rudko and Tang [4| and Garstang [6]. Both the results of Statz et al, 
and (iarstang have been placed on the absolute scale described above. Finally, it should be men- 
tioned that the Coulomb approximation is expected to provide a fairly reliable radial transition 
integral for many other lines, but since the individual line strengths probably would be unreliable 
due to the suspected breakdown of /,S-coupling, we have refrained from tabulating these. 
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Ar ii.    Allowed Transitions 

t K 

No. Transition 
Array 

Multiplet AIÄ) £;km-') EVlcnr1) fii ft •f*„T0" 
sec-1) 

Jik .S'lat.u.) log «f Accu- 
racy 

Source 

1 .%-3/»5—3ä3/»8 

ll uv) 
<m.84 477 108721 6 2 2.08 0.0089 0.162 -1.272 C 1 

919.782 0 108721 4 2 1.41 0.0089 0.108 -1.449 C /5 
932.053 1431 108721 2 2 0.67 0.0088 0.054 -1.75 C h 

2 .{/,'• -:\/iVPtts 
(3 uv) 

748.198 1431 135086 2 4 0.059 9.9 x 10-« 0.0049 -2.70 F 2 
740.270 0 135086 4 4 0.31 0.0025 0.025 -2.00 F. 2 
745.323 1431 135602 2 2 0.073 6.1 X10-« 0.0030 -2.9! F, 2 
737.457 0 135602 4 2 0.038 1.5 x 10-< 0.0015 -3.22 E 2 

3 >p'_2p 
(4 uv) 

724.m 477 138582 6 6 28 0.22 3.1 0.12 D ■> 

723.361 0 138244 4 4 23 0.18 1.7 -0.14 0 2 
725.550 1131 139258 2 2 19 0.15 0.72 -0.52 n 2 
718.091 0 139258 4 2 9.5 0.037 0.35 -0.83 D 2 
730.929 1431 138244 2 4 4.5 0.072 0.35 -0.84 D 2 
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Ar 11.      Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! A(A) Eitsin-1) £A(<m-'l ,, m •f*i(I0" 
sec"1) 

h- Sfat.u.) log«/ Accu- 
racy 

Source 

4 3/A3//- 

111 
4388.2 112475 155257 20 12 0.440 0.076 22.0 0.182 C .3/1 

4400.99 132327 155043 8 6 0.322 0.070 8.1 -0.252 C 3« 
4371.33 132481 155351 6 4 0.2.33 0.0445 3.84 -0.57 c .3/1 
4332.03 132631 155708 4 2 0.20 0.028 1.6 -0.95 c- :\,< 
4431.00 132481 1550 »3 6 6 0.110 0.0324 2.83 -0.71 c .in 
4400.10 132631 155351 4 4 0.164 0.0476 2.76 -0.72 c 3w 
4352.20 132738 155708 2 2 0.228 0.065 1.85 -0.89 c ,3» 
4460.56 132631 155043 4 6 0.01.56 0.0070 0.410 -1.55 c 3« 
4420.91 1327:38 155351 2 4 0.033 0.019 0.56 -1.42 c- 3« 

5 'D-'D° 
(2) 

.1967.6 132475 157672 20 20 0.115 0.0272 7.1 -0.264 c 3/1 

4013.86 132327 1572:34 8 8 0.107 0.0258 2.7.3 -0.69 c 3/1 
3968.36 132481 157673 6 6 0.0467 0.0110 0.86 -1.180 c 3« 
3914.77 132631 158168 4 4 0.0,320 0.0074 0.379 -1.53 c 3« 
3891.40 132738 158428 2 2 0.0.39 0.0089 0.2.3 -1.75 c- 3« 
3944.27 132327 157673 8 6 0.0403 ().(X)7() 0.73 -1.252 c 3/1 
3891.98 132481 158168 6 4 0.073 0.011 0.85 -1.18 <:- 3» 
.3875.26 132631 158428 4 2 0.076 0.0086 0.44 -1.46 c- 3« 
4038.C1 132481 1572:34 6 8 0.0127 0.00414 0.3.30 -1.60 c 3« 
3992.05 132631 15767.3 4 6 0.0153 0.0055 0.288 -1.66 c 3/1 
3931.24 132738 158168 2 4 0.020 0.0093 0.24 -1.73 c- 3/1 

6 
(3) 

3786.38 132327 158730 8 6 0.012 0.0019 0.19 -1.82 c- in 
3714.74 132481 159.393 6 4 0.0065 9.0 x 10' 0.066 -2.27 D- 4 
3808.58 132481, 1587.30 6 6 0.0073 0.0016 0.12 -2.02 c- 3/1 
3830.39 132631 158730 4 6 0.0062 0.0020 0.10 -2.10 D- 4 
3750.49 132738 159393 2 4 0.0027 0.0011 0.028 -2.66 D- 4 

7 
(4) 

3706.94 132738 159706 2 2 0.0070 0.0014 0.0.35 -2.55 D- 4 

8 4D_4So 

(5) 
3499.48 132481 161049 6 4 0.0053 6.5X10-' 0.045 -2.41 D- 4 
3517.89 132631 161049 4 4 0.0020 3.7 xlO-4 0.017 -2.8.3 D- 4 

9 
(20) 

6643.72 142186 157234 10 8 0.167 0.088 19.3 -0.056 C 3/1 
6684.31 142717 157673 8 6 0.11.3 0.057 10.0 -0.341 C 3/1 
6638.23 143108 158168 6 4 0.129 0.057 7.4 -0.466 c ,3/i 
6639.74 14.3.371 158428 4 2 0.181 0.060 5.2 -0.62 c 3/) 
6886.62 142717 1572.34 8 8 0.0098 0.0070 1.26 -1.252 c 3/) 
6863.54 143108 157673 6 6 0.0218 0.0IS4 2.09 -1.0.34 c :\n 
6756.55 14.3371 158168 4 4 0.0091 0.0062 0.55 -1.61 c- ,3/, 

10 
(21) 

6243.13 142717 158730 8 6 0.029 0.013 2.1 -0.98 <:- .3// 
6138.66 143108 15939.3 6 4 0.010 0 00.38 0.46 -1.64 c- .3/1 
6399.22 143108 1587.30 6 6 0.0055 0.00.34 0.4.3 -1.69 c- 3/i 

11 ,p_,Do 

(24) 
6808.53 144710 15939.3 2 4 0.0064 0.0089 0.40 -1.75 c- 3« 

12 
,p_,pc 

(25) 
6861.27 145669 160239 4 4 0.0242 0.0171 1.54 -1.165 c .3« 
6666.36 144710 159706 2 2 0.071 0.047 2.1 -1.03 c- .3/1 
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Aril.    Allowed Transiilions—Continued 

! 

No. Transition 
Array 

Multiple! X(A) Eiivm-') A*(cm-') « «r •««no* 
sec1) 

/«■ Slat.u.l l«»P «/ accu- 
racy 

Source 

13 
(27)' 

Ö.W/..5 145349 161089 6 2 0.118 0.0238 2.99 -0.85 C in 

6483.08 145669 161089 4 2 0.101 0.0318 2.72 -0.90 C 3n 
6103.55 144710 161089 2 2 0.012 0.0067 0.27 -1.87 C- 3n 

14 3/*«(*P)3«/- 
(34) 

4904.75 150148 170530 6 8 0.045 0.022 2.1 -0.88 D 5n 

15 *F-*D0 

(36) 
4300.6S 150148 173393 6 6 0.061 o.nr< 1.4 -0.99 D 5» 

16 *D-2P 
(37) 

5141.79 151087 170530 6 8 0.095 0.050 5.1 -0.52 C 5« 
5017.16 150475 170401 4 6 0.23! 0.131 8.6 -0.281 C in 

17 
(39) 

4481.81 151087 173393 6 6 0.494 0.149 13.2 -0.049 C 5/i 
4370.75 150475 173348 4 4 0.65 0.186 10.7 -0.128 C 3/1 
4362.07 150475 173393 4 6 0.057 0.024 1.4 -1.02 D 5/i 

1» '.y>Hs — 
3/H(*Pfyi (6) 

4875.0 1.14750 155257 12 12 0.93 0.332 64 0.60 c 3/i 

4806.02 134242 155043 6 6 0.79 0.274 26.0 0.216 c+ 3» 
4933.21 135086 155354 4 4 0.143 0.052 3.39 -0.68 c + 3« 
4972.16 135602 155708 2 2 0.096 0.0356 i 16 -1.148 c 3/i 
4735.91 134242 155354 6 4 0.58 0.130 12.2 -0.108 c 3/i 
4847.82 13.5086 155708 4 2 0.85 0.150 9.6 -0.222 c 3// 
5009.33 135086 155043 4 6 0.147 0.083 5.5 -0.479 c 3// 
5062.04 135602 155354 2 4 0.221 0.170 5.7 -0.469 <:+ 3» 

19 
(7) 

4MIA 134750 157672 12 20 1.14 0.54 93 0.81 c 3/i 

4348.06 134242 157234 6 8 1.24 0.469 40.2 0.449 c 3« 
4426.01 135086 157673 4 6 0.83 0.366 21.3 0.166 c 3« 
4430.19 135602 158168 2 4 0.53 0.312 9.1 -0.205 c 3« 
4266.53 134242 157673 6 6 0.156 0.0426 3.59 -0.59 c 3» 
4331.20 135086 158168 4 4 0.56 0.158 9.0 -0.199 c 3« 
4379.67 135602 158428 2 2 1.04 0.299 8.6 -0.233 c 3// 
4178.37 134242 158168 6 4 0.013 0.0023 0.19 -1.86 c- in 
4282.90 135086 158428 4 2 0.120 0.0165 0.93 -1.180 c 3/i 

20 «P~*D 
(8) 

4082.39 134242 158730 6 6 0.027 0.0067 0.54 -1.40 c- 3« 
4112.82 135086 159393 4 4 0.0082 0.0021 O.il -2.08 <:- 3// 
3 .4.75 134242 159393 6 4 0.0041 6.5 x 10-« 0.051 -2.41 D- 4 
4228.16 135086 158730 4 6 0.130 0.052 2.91 -0.68 C 3/1 
4201.97 135602 159393 2 4 0.035 0.019 0.51 -1.42 D- 4 

21 4P_*P° 

(9! 
3974.48 135086 160239 4 4 0.0068 0.0016 0.084 -2.19 D- 4 
4147.38 135602 159706 2 2 1.8 x 10-' 4.6 x 10-'- 0.0013 -4.04 E 2« 
3845.41 134242 160239 6 4 0.0091 0.0013 0.10 -2.11 D - 4 
[4060.6] 135086 158706 4 2 3.2 x 10-» 4.0 x 10« 2.1 X10-* -4.80 E 2« 
4057.67 135602 160239 2 4 0.0038 0.0019 0.050 -2.42 E 2.. 

22 ^P_<S° 
(10) 

mi A 134750 161049 12 4 1.4 0.10 15 0.08 D 3/i 

3729.31 134242 161049 6 4 0.60 0.083 6.1 -0.30 D 3/i 
3850.58 135086 161049 4 4 0.47 0.10 5.3 -0.40 D 3/i 
3928.63 135602 161049 2 4 0.30 (1.14 3.6 -0.55 D 3« 
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Aril.    Allowed Transitions—Continued 

No. Transition 
Array 

Multiple! A(A) ■ Eilom-'l £*<e-m-') £f Pk ■^iio» 
sec-1) 

/«■ .S'lat.u.) !"£«/' Accu- 
racy 

Source 

23 4p_SS. 

(11) 
3844.57 135086 161089 4 2 0.0071 7.9 X 10« 0.040 - 2.50 K 2/i 
3922.36 135602 16M)89 2 2 0.0019 4.4 x |fl-« 0.011 -3.06 E 2« 

24 
(12) 

5843.78 138244 155351 4 4 3.8 X MM 1.9 x 10-« 0.015 -3.12 E 2« 
6077.43 139258 155708 2 t. 9.8 X KM 5.4 x 10-4 0.022 -2.97 E In 
5724.33 138244 155708 4 2 0.0014 3.4x10-' 0.026 -2.87 E 2/i 
5950.«/ 138244 155043 4 6 7.0 X 10-' 5.6 x !()-« 0.044 -2.65 E 2// 
6212 139258 155351 •1 

im 4 2.1 XI0 •'- 2.4 x 10-'' 9.9 X 10« -4.32 E 2n 

25 ip_4D° 
(13) 

5145.32 138244 157673 4 6 0.097 0.058 3.91 -0.63 C 3// 
5286.90 139258 158168 2 4 0.0156 0.0131 0.455 -1.58 <: 3/i 
5017.63 138244 158168 4 4 0.0085 0.0032 0.21 -1.89 <:- 3// 
5215.11 139258 158428 2 2 1.6 x 10 < 6.5 X 10-' 0 0022 - 3.89 E 2/i 
4952.92 138244 158428 4 2 3.2 x lO» 5.9 x i0-« 3.8 x 10-« -4.63 R 2« 

26 2p_lQO 

(14) 
4897.5 118582 158WS 6 10 0.79 0.471 45.6 0.451 <: 3// 

4879.86 138244 158730 4 6 0.78 0.418 26.8 0.223 c 3/i 
4965.07 139258 159393 2 4 0.347 0.256 8.4 -0.291 c 3/i 
4726.86 138244 159393 4 4 0.50 0.167 10.4 -0.175 <: 3/i 

27 jp_2p° 
(15) 

4654.4 118582 160061 6 6 1.00 0.325 29.9 0.2«) C-r 3// 

4545.05 138244 160239 4 4 0.413 0.128 7.66 -0.291 B 3/i 
4889.03 139258 159706 2 2 0.159 0.057 1.83 -0.94 C 3/i 
4657.89 138244 159706 4 2 0.81 0.132 8.1 -0.277 C 3/i 
4764.86 139258 160239 2 4 0.575 0.391 12.3 -0.107 B 3/1 

28 
(16)' 

4383.75 138244 161049 4 4 0.011 0.0032 0.18 -1.89 C- 3// 
4587.90 139258 161049 2 4 1.4 X 10-« 8.8 x 10-* 0.0027 -3.75 E 2/i 

29 2p_.,So 

(17) 
4441.8 118582 161089 6 2 1.10 0.108 9.5 -0.188 C 3/i 

4375.95 138244 161089 4 2 0.200 0.0287 1.65 -0.94 C 3/i 
4579.35 139258 161089 2 2 0.82 0.258 7.8 -0.287 c 3/i 

30 ■V4»'- 
3/>»('D)V 

*D-*P 
(31) 

4602.1 148751 170475 10 14 0.91 0.403 61 0.61 c- 5// 

4609.56 148842 170530 6 8 0.91 0.387 35.2 0.366 c 5// 
4589.90 148620 170401 4 6 0.82 0.389 23.5 0.192 c 5/i 
4637.25 148842 170401 6 6 0.090 0.029 2.7 -0.76 D 5/i 

31 
(32) 

4225.0 148751 172415 10 6 1.3 0.20 28 0.30 D 4 

4277.52 148842 172214 6 4 1.0 0.18 15 0.03 I) 4 
4131.73 148620 172816 4 2 1.4 0.18 9.7 -0.14 D 4 
4237.22 148620 172214 4 4 0.21 0.057 3.2 - 0.64 D 4 

32 
(33) 

(«..I I4H751 171175 10 10 1.0 0.25 34 0.40 D 4.5/i 

4072.01 148842 173393 6 r. 0.57 0.142 11 4 - 0.070 C 5// 
4042.90 148620 173348 4 4 1.4 0.34 18 0.13 D 4 
4079.58 148842 173348 6 4 0.26 0.043 3.5 -0.59 D 4 
4035.46 148620 173393 4 6 0.045 0.016 0.88 -1.19 I) 5// 

33 3/>«4*"- 
.V('S)4/>" 

*s_*p° 
(101) 

4011.4 167308 IV2IM 2 6 1.5 l.i 30 0.34 E 6n 

4052.92 167308 191975 2 t 1.5 0.75 20 0.18 E 6„ 
3994.79 167308 192333 2 2 1.6 0.37 9.8 -0.13 E 6„ 

206 

'->j**o*»ij**«j(8^Äüöii*tf 



Aril.    Allowed Transitions—Continued 

No. Transition Multiplel M\) EiUm'1) £t(onr') m A- 4kiilV /«• ■S'fat.u.) l»g ff Awu- Sn'iree 
Array sec-1) racy 

34 3//*4/>- 
(44) 

3491.54 155043 183676 6 8 3.0 0.73 50 0.64 D 4 
3514.39 155351 183797 4 6 1.23 0.342 15.8 0.136 C 5» 
3535.32 155708 183986 2 4 0.82 0.31 7.2 -0.21 D 4 
3476.75 1550413 1837'>< 6 6 1.34 0.243 16.7 0.164 C 5» 
3491.24 155351 183986 4 4 2.2 0.40 18 0.20 D 4 
3509.78 155708 184192 2 2 2.5 0.46 11 -0.04 D 4 
3454.10 155043 183986 6 4 0.45 0.054 3.7 -0.49 D 4 

35 jp°_4p 

(46) 
3194.23 155043 186340 6 4 0.'.'4 0.024 1.5 -0.84 D- 4 
3225.97 155351 186340 4 4 C.046 0.0072 0.30 -1.54 D- 4 
3263.57 155708 186340 2 4 0.35 0.11 2.4 -0.66 D- 4 

36 4po_jp 

(47) 
:ti8i.4 155257 186681 12 12 2.0 0.30 38 0.56 D 4 

3139.02 155043 186891 6 6 1.0 0.15 9.2 -0.05 D 4 
3212.52 155351 186470 4 4 0.096 0.015 0.63 -1.22 D 4 
3281.70 155708 186171 2 2 0.73 0.12 2.5 -0.62 D 4 
3181.04 155043 186470 6 4 0.63 0.064 4.0 -0.42 D 4 
3243.69 155351 186171 4 2 2.0 0.16 6.7 -0.19 D 4 
3169.67 155351 18689! 4 6 0.82 0.19 7.7 -0.12 D 4 
3249.80 155708 186470 2 4 1.0 0.32 6.8 -0.19 D 4 

37 
(54) 

m-j.4 157672 I8:m6 20 20 0.65 0.14 36 0.45 D 4. 5n 

3780.84 157234 1R3676 8 8 0.94 0.20 20 0.20 D 4 
3826.81 157673 183797 6 6 0.15 0.033 2.5 -0.70 D 5n 
3872.14 158168 1R3986 4 4 0.19 0.043 2.2 -0.76 D 4 
3880.34 158428 184192 2 ■y 0.22 0.050 1.3 -1.00 D 4 
3763.50 157>34 183797 8 6 0.14 0.022 2.2 -0.75 D ■ 5n 
3799.38 157673 183986 6 4 0.23 0.033 2.5 -0.70 D 4 
3841.52 158168 184192 4 2 0.27 0.030 1.5 -0.92 D 4 
3844.74 157673 183676 6 8 0.047 0.014 1.1 -1.08 D 4 
3900.62 158168 183797 4 6 0.082 0.028 1.4 -0.95 D 4 
3911.57 158428 183986 2 4 0,088 0.040 1.0 -1.10 D 4 

38 
(56) 

3588.45 157234 185093 8 10 3.39 0.82 77 0.82 C 5/1 
3576.61 157673 185625 6 8 2.77 0.71 50 0.63 C 5/i 
3582.36 158168 186074 4 6 3.72 1.07 51 0.63 C 5« 
3581.61 158428 186340 2 4 1.8 0.69 16 0.14 D 4 
3521.26 157234 185625 8 8 0.23 0.043 4.0 -0.46 D 5n 
3520. (X) 157673 186074 6 6 0.80 0.15 10 -0.05 U 5/1 
3548.52 158168 186340 4 4 1.1 0.21 9.7 -0.08 5) 4 
3487.32 157673 186340 6 4 0.027 0.0033 0.23 -1.70 D 4 

39 •D°-'P 
(57) 

3370.93 157234 186891 8 6 0.059 0.0075 0.67 -1.22 D 4 
3421.62 157673 186891 6 6 0.093 0.016 1.1 -1.02 0 4 
3603.'6 158428 186171 2 2 0.065 0.013 0.30 -1.59 i) 
3565.03 158428 186470 2 4 1.1 0.42 9.8 -0.08 D 4 

40 4Do_sF 

(59) 
3379.46 157234 186816 8 8 0.020 0.0034 0.30 -1.57 D- 4 
3430.42 157673 186816 6 8 0.058 0.014 0.92 -1.08 D- { 

3397.90 158168 187589 4 6 0.027 0.0070 0.31 -1.55 D- 4 

41 -D°-<D 
(65) 

3988.16 158730 183797 6 6 0.050 0.012 0.94 -1.14 D- 4 
4065.11 159393 183986 4 4 0.015 0.0037 0.20 -1.83 0- 4 
3958.38 158730 183986 6 * 0.033 0,0052 0.40 -1.51 D- 4 
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Aril.  Allowed Transitions—Continued 

No, Transition 
Array 

Multiple» MA) fc'jlrnr1) finlcin "M £r Mr 

42 
(67)" 

3717.17 
3656.05 
3709.92 

158730 
158730 
159393 

185625 
186071 
186340 

6 
6 
4 

8 
6 
4 

43 
(68) 

3550.03 158730 186891 6 6 

44 
(69) 

3000.44 159393 192,12 4 4 

45 
(70) 

MS I.I 

3559.51 
3545.60 
3464.13 

I58W5 

158730 
159393 
158730 

187147 

186816 
187589 
187589 

10 

6 
4 
6 

14 

8 
6 
6 

46 1D---P 
171) 

3273.32 
.•.204.32 

159393 
159393 

189935 
190592 

t 
4 

2 

47 2P°_4p 
(81) 

3855.16 160239 186171 1 2 

48 
182) 

.3655.28 160239 187589 1 6 

49 
iai) 

fj'm.i 

3293.64 
3307.23 
3366.59 
3236.81 

1 (><)()(> 1 

160239 
159706 
160239 
159706 

I<t0.i7i 

190592 
189935 
189935 
190592 

6 

4 
2 
4 
2 

6 

1 
2 
2 
\ 

50 *p -2D 
3093.40 
3028.91 

160239 
159706 

192557 
192712 

1 
2 

f. 
1 

51 
189) 

3952.73 161049 186340 4 1 

52 
190) 

3868.52 
3932.55 
3979.36 

161049 

161049 
161049 
161049 

IHMiHl 

186891 
186470 
186171 

4 

4 
4 
4 

12 

6 
1 
2 

53 iS°_äp 
1%) 

3388.53 161089 190592 2 4 

54 *S°—'[) 
3161.37 161089 192712 4 

55 V»/' - 
Vi'lM//' 1106) 

W.W..5 

3561.03 
3545.84 
3562.19 

17047'i 

[70530 
170401 
170530 

I'MtOO 

198604 
198595 
198595 

14 

8 
6 
8 

18 

It) 
8 
8 

0.030 
0.13 
0.053 

0.024 

3.9 

3.9 
3.4 
0.37 

0.37 
0.10 

0.01.". 

0.23 

2.7 

3.1 
0.11 
0.52 

1.1 
2..i 

0.35 

1.9 
I.I 
1.3 

4.0 

4.0 
3.9 
0.15 

0.0083 
0.026 
0.011 

0.0045 

0.20 

1.0 

0.99 
0.96 
0.067 

0.030 
0.062 

0.0017 

0.069 

0.45 

0.28 
0.56 
0.035 
0.16 

0.95 
0.63 

0.082 

!.l 

0.64 
0.26 
0.15 

0.65 

0.54 

0.98 

0.95 
0.98 
0.029 

.Si at. u.l 

0.61 
1.9 
0.53 

0.32 

8.0 

120 

69 
45 

1.6 

1.3 
2.6 

0.085 

3.3 

29 

12 
12 

1.5 
3.5 

39 
13 

4.3 

33 
13 
8.1 

15 

II 

160 

89 
69 

•) 

W KI 

-1.30 
-0.81 
-1.36 

-1.57 

0.10 

l.(M) 

0.77 
0.58 

•0.40 

-0.92 
0.61 

0.56 

0.13 

0.05 
0.05 

-0.85 
- 0,19 

0.58 
0.10 

0.18 

0.61 

0.41 
0.02 

■0.22 

0.11 

0.03 

1.14 

0.88 
0.77 
0  

Accu- 
racy 

D 
1) 
1) 

Source 

I) 

I) 

I) 
I) 
I) 

I) 
I) 

I) 
I) 
I) 
I) 

I) 
I) 

I) 

I) 

I) 
i) 
I) 

I) 

I) 

I) 
I) 
I) 
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Aril.    Allowed Transitions — Continued 

\n. 

56 

:>rt 

59 

60 

61 

62 

63 

61 

65 

66 

Transition 
\rra> 

ty*4/,- 
3,,¥l')5. 

Multiple! 

,107) 

Il09i 

(115) 

(116) 

,Do_.,, 

(128) 

-T)°--D 
(1291 

2D°--'F 
(1311 

(42) 

4|,o_,|. 

(43) 

(52) 

<D°-21' 
(53) 

(63) 

A(\) 

UO'KO 

342V.62 
3432.59 
3414,46 

«6.5.5 

3376. 14 
1350.93 
3365.54 
3361.75 

36(H). 22 
3671.01 

3639.83 
3680.06 

3825.68 
3819.02 

3803.17 
37%.6() 

V 729.6 

3737.89 
3718.21 
3724.52 

:i?:u,0 

3765.27 
3720.43 
3669.61 
3678.27 
3622.14 
3809.46 
3770.52 

3650.89 

41 (".91 
4033.82 
4179.30 
4156.09 
4076.64 

4011.20 

4255.60 

170175 

170530 
170401 
170101 

170475 

170530 
170401 
170530 
170101 

172214 
172214 

A',( cnr'l 

IWHIH 

199680 
199982 
199680 

JOOIHO 

200139 
2(M)235 
2(H)235 
200139 

199525 
199447 

172214   199680 
172816 | i99982 

I 

173393 
173348 

173393 
173318 

/7.W7.5 

173393 
173348 
17339.5 

/ 5.525 7 

155013 
155351 
155708 
155043 
155351 
155351 
155708 

155708 

157234 
158168 
157673 
158168 
158128 

158168 

158730 

199525 
199525 

199680 
199680 

2)0180 

2(H) 139 
200235 
2(10235 

182010 

181594 
182222 
182951 
182222 
182951 
181591 
182222 

183091 

181591 
182951 
181594 
182222 
182951 

183091 

182222 

12 

inilO" 
sec1) 

0.31 

0.22 
0.32 
0.077 

1.6 

1.5 
1.5 
0.13 
0.039 

2.2 
0.71 

1.4 
1.2 

0.76 
0.0036 

0.25 

II    2.3 

2.3 
2.0 
0.34 

I.I 

0.98 
0.17 

0.64 
0.44 
0.11 

I    0.12 

1.2 
0.98 
0.13 
0.39 
0.80 

0.031 

6     4   0.021 

,/i» .Sial.u.l !"{:«/ Accu- 
racy 

Source 

0.039 6.1 - 0.26 D 4 

0.029 2.6 - 0.63 D 4 
0.038 2.6 -0.64 D 4 
0.013 0.91 — 1.11 D 4 

0.27 42 0.58 D 4 

0.26 23 0.32 1) 4 
0.25 17 0.18 D 4 
0.017 1.5 --0.87 D 4 
0.0088 0.59 -1.28 D 4 

0.43 20 0.24 D 4 
0.072 3.5 -0.54 V 4 

0.12 20 0.23 D 4 
0.49 12 -0.01 D 4 

0.11 8.4 -0.18 D 4 
7.9 x 10 ' 0.040 -2.50 I) 4 

0.33 24 0.30 I) 4 
0.081 4.1 -0.49 D 4 

0.67 82 0.83 D 4 

0.64 47 0.58 D 4 
0.62 30 0.39 [) 4 
0.071 5.2 -0.37 D 4 

0.23 34 0.44 D 4 

0.21 15 0.10 D 4 
0.035 1.7 -0.85 D 4 
0.026 0.63 -1.28 I) 4 
0.034 2.5 - 0.69 D 4 
0.063 3.0 -0.60 D 4 
0.14 7.2 -0.25 D 1 
0.17 4.3 -0.17 [> 4 

0.048 i 2 -1.02 D- 4 

0.23 25 0.26 l) 4 
0.12 6.3 -0.32 1) 4 
0.034 2.8 -0.69 I) 1 
0.10 5.5 -0.40 I) 1 
0.20 5.3 -0.40 1) 4 

0.0075 0.10 -1.52 I)- 4 

0.0038 0.32 - 1.61 .)- 4 
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Aril.    Allowed Transitions—Continued 
    — - — ' 

Nu. Transition 
Array 

Multiple! Al AI /i'fU'ra-') /■.'»(«•m ') A'i 

68 
(64) 

4102.! 

4103.91 
4076.94 
4218.67 

/5«W5 

158730 
159393 
159393 

mm 

laiwi 
law is 
183091 

10 

6 
4 
4 

69 
(76) 

4547.76 160239 182222 4 

70 ,po_,p 

(77) 
4222.64 
4275.16 

160239 
159706 

183915 
183091 

4 
2 

71 4S'-JP 
(85) 

47MM 

4865.92 
4721.59 
4564.42 

161049 

161049 
161049 
161049 

mom 

181594 
182222 
182951 

1 

4 
4 
4 

72 <S°-sp 
(86) 

4535.49 161049 183091 4 

7.1 
.V('D)5.v' 

ap_j[) 

(105) 
3946.10 
3925.72 

170530 
170401 

195865 
195867 

8 
6 

74 .'P»_.'D 

(113) 
4226.99 
4337.07 

172214 
172816 

195865 
195867 

4 
2 

75 
(127) 

4448.88 173393 195865 6 

/■'A li.llO" 
sec  ') 

h .Slat.u.l '<>*! «/ Accu- 
racy 

Source 

6 1.5 0.22 30 0.34 I) 1 

4 
2 
1 

1.3 
0.99 
0.36 

0.22 
0.12 
0.096 

18 
6.6 
5.3 

0.12 
-0.32 
-0.42 

1) 
1) 
I) 

I 
1 
I 

4 0.077 0.024 1.4 - 1.02 l>- 1 

2 
4 

0.69 
0.26 

0.092 
0.14 

5.1 
4.0 

-t,.43 
-0.55 

1) 
I) 

1 
I 

!2 0.17 0.18 II -0.11 1) 1 

6 
4 
2 

0.15 
0.15 
0.29 

0.080 
0.050 
0.015 

5.1 
3.1 
2.7 

-0.19 
-0.7(1 
-0.71 

1) 
1) 
1) 

1 
1 
1 

1 (».074 0.023 1.4 - 1.04 D- 1 

6 
1 

1.4 
1.1 

0.25 
0.22 

25 
17 

0.30 
0.12 

1) 
1) 

1 
I 

6 
1 

0.41 
0.34 

0.16 
0.19 

9.2 
5.5 

-0.19 
- 0.42 

1) 
1) 

1 
1 

6 0.65 0.19 17 0.06 1) 1 

No. 

Aril 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi |1|. The transition probability should also be quite accurate, 
since the energy level difference is accurately known. 

Reference 

|l| Nd<|vi. A. M.. Thesis Harvard (19511. 

Ar II.       Forbidden Transitions 

Transition 
Array 

3//"-3/j' 

Multiple! 

2po_2po 

MA) 

[69842] 

A,(cm ') A.'nlcm ') 

1431.41 

Type v 
Transi 

tion 
(Ajlsec ') 

0.0526 

.S(al.u.) 

1.33 

Accu- 
racy Source 
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(»round State 

Ionisation Potential 

Ann 

ls22s22/>63ä23/;43P2 

40.90 eV = 329965.80 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength |A] No. Wavelength [Ä] No. Wavelength [A] No. 

87 LOW 1 2345.17 6 3344.72 10 
875.534 1 2484.11 4 3352.2 10 
878.728 1 2493.0 4 3358.49 10 
879.622 1 2499.9 4 3361.3 10 
883.17" 1 2508.91 4 3368.8 10 

887.404 1 2518.2 4 3391.85 7 
1669.1 2 2524.5 4 3424.3 7 
1669.3 2 2533.92 4 3438.0 7 
1669.67 2 2631.90 5 3471.4 7 
1673.2 2 2632.4 5 3472.6 9 

1673.43 2 2660.2 5 3480.55 9 
1673.5 2 2677.9 5 3498.1 7 
1675.6 2 2678.38 5 3498.3 7 
1675.64 2 2724.84 5 3499.67 9 
1914.40 3 2743.9 5 3500.5 9 

1914.7 3 3024.05 11 3502.7 9 
1915.56 3 3027.1 11 3503.58 9 
1918.1 3 3037.0 11 3511.7 9 
1918.6 3 3054.82 11 
1919.5 3 3064.77 11 

2242.29 6 3078.15 11 
2248.7 6 3285.85 8 
2263.2 6 3301.88 8 
2282.21 6 3311.25 8 
2297.1 6 3336.13 10 

Lawrence |1) has accurately measured the lifetime of the first excited state with the delayed- 
coincidence method. Using /,S-coupling. we have derived the/-values for all components of the 
resonance multiplet. For numerous other transitions, including those involving shell-equivalent 
electrons, the Coulomb approximation has been employed in order to have dalia available for some 
of th° more prominent lines in this spectrum. From the general success of this method and from 
comparisons with analogous transitions in other ions, uncertainties of 50 percent are normally 
expected: however, the uncertainties should be somewhat larger for those transitions involving 
shell-equivalent electrons. 

Reference 

(I] Lawrence, (J. M.. private communication (1968) and to be published. 
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Arm..   Allowed Transitions 

Nn Transition 
Array 

3-J3/;4- 
353//' 

3/>33</- 
3^Se)4p 

3/J33I/' - 
3/>VD°U// 

3i/»3»/"~ 
3/jJ(2PGHp" 

Multiulct 

(1 uv) 

"D°-5P 
(6 uv) 

ID°-3P 
(7 uv) 

3p_.ip 
(8 uv) 

3D°-3D 
(9 uv) 

.irj°_.ip 

(10 uv) 

ip° ,_ip 
(6) 

A< AI 

879.06 

673.728 
879.622 
871.099 
875.534 
887.404 
883.179 

1669.67 
1673.43 
1675.64 

[1669.3 
[1673.5" 
[1675.6 
[1669.1 
[1673.2 

1915.6 

1914.40 
1915.56 
[1918.1 
[1914.7 
(1919.5 
[1918.6 

2504.1 

2484.11 
2508.91 
2533.92 

[2493.0 
[2518.2" 
[2499.9 
[2524.5 

2690.3 

2724.84 
2678.38 
2631.90 

[2743.9 
[2677.9 
[2660.2 
[2632.4 

2304.8 

2345.17 
2282.21 
2242.29 

[2297.1 
[2248.7" 
[2263.2 

3432.6 

3391.85 
3471.4 
3424.3 
3498.3 
3438.0 
3498.1 

fcVrm'l 

545 

0 
1112 

0 
1112 
1112 
1570 

144907 
144893 
144886 
144893 
14-4893 
144883 
144886 
144883 

156943 

156918 
156925 
157031 
156925 
157031 
157031 

186606 

186402 
186657 
186903 
186402 
186657 
186657 
186903 

188108 

188714 
187823 
187171 
188714 
187823 
187823 
187171 

IH8I03 

188714 
187823 
187171 
187823 
187171 
187171 

214152 

213951 
214347 
213951 
214347 
214347 
214568 

£*< cm-') 

114303 

113801 
114798 
114798 
115328 
113801 
114798 

204797 
204649 
204563 
204797 
204649 
204563 
204797 
204649 

209145 

209152 
209127 
209166 
209152 
209127 
209152 

226529 

226646 
226503 
226356 
226503 
226356 
226646 
226503 

225268 

225403 
225148 
2251.- 
225148 
225155 
225403 
225148 

231183 

231342 
231627 
231755 
231342 
231627 
231342 

243276 

243425 
243146 
243146 
242924 
243425 
243147 

~ .   - - 

A'/ A 

9 9 

5 5 
3 3 
5 3 
3 1 
3 5 
1 3 

9 7 
7 5 
5 3 
7 7 
5 5 
3 3 
5 7 
3 5 

15 9 

7 5 
5 3 
3 1 
5 5 
3 3 
3 5 

21 21 

9 9 
7 

5 5 
9 ? 

7 5 
7 9 
5 7 

15 15 

7 
5 5 
3 3 
7 
5 3 
5 7 
3 ■■> 

15 9 

7 5 
5 3 
3 1 
5 5 
3 3 
3 5 

9 9 

5 .1 

3 3 
5 3 
3 1 
3 5 
1 3 

■Uil 10" 
sec-') 

2.82 

2.11 
0.70 
1.21 
2.84 
0.68 
0.92 

1.7 
1.2 
0.76 
0.43 
0.76 
0.97 
0.062 
0.20 

2.1 

1.8 
1.6 
2.1 
0.32 
0.54 
0.021 

0.31 

0.30 
0.26 
0.27 
0.025 
0.034 
0.020 
0.025 

0.48 

0.42 
0.34 
0.37 
0.073 
0.12 
0.055 
0.075 

0.65 

0.54 
0.49 
0.67 
0.098 
0.17 
0.0066 

0.25 

0.19 
0.060 
0.10 
0.24 
0.062 
0.079 

0.0327 

0.0245 
0.0082 
0.0082 
0.0109 
0.0135 
0.0323 

0.054 
0.036 
0.019 
0.018 
0.032 
0.041 
0.0036 
0.014 

0.07! 

0.071 
0.053 
0.039 
0.018 
0.030 
0.0020 

0.029 

0.027 
0.025 
0.026 
0.0018 
0.0023 
0.0024 
0.0033 

0.052 

0.047 
0.036 
0.039 
0.0059 
0.0078 
0.0081 
0.013 

0.031 

0.032 
0.023 
0.017 
0.0077 
0.013 
8.5 X 10- 

0.044 

0.033 
0.011 
0.011 
0.015 
0.018 
0.044 

.S'lal.u.) 

0.85 

0.354 
0.071 
0.118 
0.094 
0.118 
0.094 

2.7 
1.4 
0.53 
0.70 
0.88 
0.68 
0.10 
0.23 

6.7 

3.1 
1.7 
0.75 
0.56 
0.56 
0.037 

5.1 

2.0 
14 
I I 
0.14 
().!; 
0.14 
0.14 

7.0 

3.0 
1.6 
1.0 
0.37 
0.35 
0.36 
0.34 

3.5 

0.87 
0.37 
0.29 
0.28 
0.019 

4.4 

1.8 
0.37 
0.61 
0.50 
0.62 
0.50 

log • AtTU- 
rary 

-0.53 C 

-0.91 c 
-1.61 c 
-1.387 c 
-1.485 <: 
-1.393 <: 
-1.491 <: 

-0.31 E 
-0.59 E 
-1.02 E 
-0.90 E 
-0.80 E 
-0.91 E 
-1.71 E 
-1.39 E 

0.03 E 

-0.31 E 
-0.58 E 
- 0.93 E 
-1.05 E 
-1.05 E 
-2.23 E 

-0.21 E 

-0.61 E 
-0.76 E 
-0.88 E 
-1.78 E 
-1.79 E 
-1.78 E 
-1.79 E 

-0.10 E 

-0.48 E 
-0.74 E 
- 0.93 E 
-1.39 E 
-1.41 E 
- 1.39 E 
-1.41 E 

-0.33 E 

-0.66 E 
-0.94 E 
-1.30 E 
-1.4! E 
-1.42 E 
- 2.60 E 

-0.41 E 

-0.79 E 
-1.49 E 
-1.26 E 
-1.36 E 
-1.26 E 
-1.36 E 

-Sourer 

Is 
Is 
Is 
Is 
Is 
Is 

I'M.  Is 
in. Is 
in. Is 
I a. Is 
in. Is 
in. Is 
in. Is 
in. Is 

III 

Is 
Is 
Is 
Is 
Is 
Is 

Is 
Is 
Is 
Is 
Is 
Is 
Is 

Is 
Is 
Is 
Is 
Is 
Is 

Is 
Is 
Is 
Is 
Is 
Is 
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Ar III.    Allowed Trans itions—Continued 

Nu. Transition Multiple! A(A> Eilcrrr1) £*(cnr'| A'i Hk Aid 10" A Slat.u.) l"g«/" Accu- 
1 
Source 

Array sec-1) racy 

8 V4s - 
3p»|<S°>4/( 

\S0-''P 
(1) 

3296.6 174375 204701 5 15 2.0 0.99 54 0.69 D Cll 

3285.«) 174375 204797 5 7 2.0 0.46 25 0.37 D Is 
3301.88 174375 204649 5 5 2.0 0.33 18 0.22 D Is 
3311.25 174375 204564 5 3 2.G 0 20 11 -0.01 D Is 

9 3/>»4.s'- 
3/»Wl4// 

3D0-3D 
(2) 

3492.1 196640 225268 15 15 1.7 0.32 54 0.68 D Cll 

3480.55 196680 225403 7 7 1.6 0.28 23 0.29 D Is 
3503.58 196614 225148 5 5 1.2 0.22 13 0.04 D Is 
3499.67 196589 225155 3 3 1.3 0.24 8.1 -0.15 D Is 
3511.7 196680 225148 7 5 0.26 0.035 2.8 -0.61 D- Is 
3502.7 196614 225155 5 3 0.43 0.047 2.7 -0.63 D- Is 
3472.6 196614 225403 5 7 0.20 0.049 2.8 -0.61 D- Is 
3500.5 196589 225148 3 5 0.26 0.078 2.7 -0.63 D- Is 

10 :.r)o_.)F 

(3) 
3344.8 196640 226.529 15 21 2.0 0.46 76 0.84 D Cll 

3336.13 196680 226646 7 9 2.0 0.43 33 0.47 D Is 
3344.72 196614 226503 5 7 1.8 0.41 23 0.31 D Is 
3358.49 196589 226356 3 5 1.6 0.46 15 0.14 D Is 
3352.2 196680 226503 7 7 0.22 0.037 2.8 -0.59 D- Is 
3361.3 196614 2263.56 5 5 0.30 0.051 2.8 -0.59 D- Is 
3368.8 196680 2263.56 7 5 0.0085 0.0010 0.081 -2.15 E Is 

II 3/Ak"- 
.V'|-'PH//' 14) 

3041.4 207382 240252 9 15 2.5 0.58 52 0.72 D Cll 

3024.05 207233 240292 5 7 2.6 0.49 24 0.39 D Is 
3054.82 207532 240258 3 5 1.9 0.44 13 0.11 D Is 
3078.15 207673 240151 1 3 1.4 0.58 5.9 -0.24 D- Is 

[3027.1] 207233 240258 5 5 0.64 0.088 4.4 -0.36 D- Is 
3064.77 207532 240151 3 3 1.0 0.15 4.4 -0.36 D- Is 

[3037.0] 207233 240151 5 3 0.070 0.0058 0.29 -1.54 E Is 

Ami 

Forbidden Transitions 

The adopted values have been derived from Naqvi []]. and Czyzak and Krueger [2]. Since 
their methods are essentially alike, Naqvi's and Czyzak and Krueger's magnetic dipole transitions 
have been averaged, except for the :,P— 'S transition where configuration interaction is important. 
In this case Czyzak and Krueger's empirically derived value has been preferred over Naqvi's, which 
is based purely on theory (see also General Introduction). 

References 

|)| Naqvi, A. M.. Thesis Harvard (1951). 
|2j Czyzak. S. J. & Krueger, T. K., Monthly Notices Roy. Aslr.in. Sue. 126, 177-194 (1963). 
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Ar HI.   Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiple! kik) A', (em ') f;»(im ') tit tit Transi- 

tion 
•<«( see ') .S(at.u.) racy Source 

1 3p«-3/;< aP-3P 
898% 0.00 1112.1 5 3 e 3.62 X 10-' 3.80 C 2 
898% 0.00 1112.1 5 3 m 0.0308 2.49 B 1 
63669* 0.00 1570.20 5 1 e 2.72 X 10-« 1.69 C 2 

[21.823X10*] 1112.1 1570.20 3 1 m 0.00519 2.00 A 1 

2 'P-'D 
(IF) 7135.80 0.00 14010.0 5 0 e 0.0014 0.077 D 2 

7135.80 0.00 14010.0 5 5 m 0.0321 0.00216 C 1.2 
7751.06 1112.1 14010.0 3 5 e 1.3x10-« 0.011 D 2 
7751.06 1112.1 14010.0 3 5 m 0.083 0.0072 C 1.2 

[8036.5] 1570.20 14010.0 1 5 e 2.9 xlO-5 0.0029 D 2 

3 3p_i.S 
(2F) 3005.1 0.00 33265.7 5 1 e 0.043 0.0062 D 2 

3109.0 1112.1 33265.7 3 1 m 4.02 0.00448 C 2 

4 •D-!S 
(3F) 5191.82 14010.0 33265.7 5 1 e 3.10 7.0 C 2 

i ... 

Ground State 

Ionization Potential 

Ar IV 

Allowed Transitions 

List of tabulated lines: 

ls22s22//>3s23/>3<S;;/2 

59.79 eV = 482400 cm"1 

Wavelength [A] No. Wavelength [A] No. Wavelength |A] No. 

840.029 1 2640.34 3 2S09.44 2 
843.772 1 2682.6 3 2818.3 2 
850.602 1 2757.92 5 2830.3 2 

2562.1 3 2776.26 2 2852.0 2 
2565.5 3 2782.9 5 2874.4 2 

2568.1 3 2784.47 5 2913.0 4 
2608.06 3 2788.% 2 2926.3 4 
2615.7 3 2797.1 2 3037.98 4 

Lawrence [1] has accurately measured the lifetime of the first excited state with the delayed- 
coincidence method. Using /^S-coupling, we have derived the /values for all components of the 
resonance multiplet. For several other transitions the Coulomb approximation has been employed 
in order to have some data on the more prominent lines in this spectrum. From the general success 
of this method and from comparisons with analogous transitions in other ions, uncertainties of 
50 percent are expected; however these estimates should be regarded as provisional. 

Reference 

[1] Lawrence, G. M., private communication (1968) and tu be published. 
ft' 
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Ar IV. Allowed Transitions 

Nu. Transition 
Array 

Multiple! A(A) A>m-') £*(cnr') Hi Hk ■-M10" 
sec-1) 

/* Slat.u.) log«/" *ccu- 
racy 

Source 

1 .V.V-3*ty4 <S°_«P 
(1 uv) 

846.54 0 118128' 4 12 2.67 0.086 0.96 -0.463 C 1 

850.602 0 117564 4 6 2.63 0.0129 0.480 -0.77 c Is 
843.772 0 118515 4 4 2.70 0.0288 0.320 -0.94 c Is 
840.029 0 119044 4 2 2.73 0.0145 0.160 -1,237 c Is 

2 ■V4s- <P_<D° 
(4 uv) 

2810.9 25i:m 286890 12 20 2.6 0.51 57 0.79 D cu 

2809.44 251972 287556 6 8 2.6 0.41 23 0.39 D Is 
2788.96 250907 286752 4 6 1.9 0.32 12 0.11 D Is 
2776.26 250219 286229 2 4 1.1 0.26 4.7 -0.29 D- Is 
2874.4 251972 286752 6 6 0.73 0.091 5.1 -0.27 D- Is 
2830.3 250907 286229 4 4 1.4 0.16 6.0 -0.19 D- Is 
2797.1 250219 285960 2 2 2.2 0.26 4.7 -0.29 D- Is 
2818.3 251972 286229 6 4 0.13 0.010 0.57 -1.21 E Is 
2852.0 250907 285960 4 2 0.41 0.025 0.94 -0.99 E Is 

3 4P_<P° 
(5uv) 

2617.5 251325 289518 12 12 3.2 0.33 34 0.60 D C(l 

2640.34 251972 289835 6 6 2.2 0.23 12 0.14 D Is 
2608.06 250907 289238 4 4 0.43 0.044 1.5 -0.75 E Is 
2565.5 250219 289126 2 2 0.57 0.056 0.94 -0.95 E Is 
2682.6 251972 289238 6 4 1.4 0.097 5.2 -0.23 D- Is 
2615.7 250907 289126 4 2 2.7 0.14 4.7 -0.26 D- Is 
2568.1 250907 289835 4 6 1.0 0.15 5.1 -0.22 D- Is 
2562.1 250219 289238 2 4 1.4 0.28 4.7 -0.25 D- Is 

4 sp_«D« 
(2) 

2925.4 256930 291103 6 10 2.4 0.52 30 0.49 D cu 

[2913.0] 257349 291668 4 6 2.5 0.47 18 0.27 D Is 
[2926.3] 256093 290256 2 4 2.0 0.51 9.9 0.01 D h 
3037.98 257349 290256 4 4 0.36 0.050 2.0 -0.70 E Is 

5 3/#*fa'- 
3/>*('Drt// 

2D_2p 
16 uv) 

2769.2 268159 304260 10 14 2.7 0.44 40 0.64 D C(l 

2757.92 268151 304400 6 8 2.8 0.42 23 0.40 D Is 
2784.47 268171 304074 4 6 2.5 0.44 16 0.24 D Is 

[2782.9] 268151 304074 6 6 0.18 0.021 1.1 -0.90 E Is 

Ar iv 

Forbidden Transitions 

All the values for this ion are taken from Czyzak and Krueger [lj, since they have included 
the important effects of configuration interac ion and have used self-consistent field wavefune- 
tions with exchange to obtain their value of s,,. (For a more complete discussion see General 
Introduction.) 

Keference 
|1| Czyzak. S.,!. & Kruegei. T. K.. Monthly Notices Roy. Astron. Soc. 126, 177-194 (1963). 
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Ar IV. Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet MÄ) £)(cra-') £*(cnrl) ft Hk Transi- 

tion 
4w(sec-') S(at.u.) racy Source 

1 3/^-3/>3 4§o_2Do 

(IF) 
4711.33 0.00 21219.5 4 6 in 0.00160 3.72 X10-* C 1 
4711.33 0.00 21219.5 4 6 e 0.0080 0.066 D 1 
4740.20 0.00 21090.3 4 4 m 0.072 0.00113 C 1 
4740.20 0.00 21090.3 4 4 e 0.0051 0.029 D 1 

2 S°-2P 
' 2853.6 0.00 35032.3 i 4 in 2.55 0.0088 C 1 
2853.6 0.00 35032.3 4 4 e 1.6 x 10-' 7.0 x 10-" D 1 
2868.2 0.00 34855.4 4 2 m 0.97 0.00170 C 1 
2868.2 0.00 34855.4 4 2 e 1.2x10"« 2.8 x 10-' D 1 

3 SDo_2D« 

[77.38 x 10«] 21090.3 21219.5 4 6 m 2.33 X 10-"' 2.40 A 1 
[77.38X10*] 21090.3 21219.5 4 6 e 1.1 x 10-" 0.11 D 1 

4 2D=»_2p 

I2F) 
7237.26 21219.5 35032.3 6 4 m 0.444 0.0249 C 1 
7237.20 21219.5 35032.3 6 4 e 0.226 10.7 (; 1 
7262.76 21090.3 34855.4 4 2 m 0.488 0.0139 (' 1 
7262.76 21090.3 34855.4 4 2 e 0.190 4.57 (■ 1 
7332.0 21219.5 34855.4 6 2 e 0.122 3.08 1 
7170.62 21090.3 35032.3 4 4 m 0.81 0.0445 1 
7170.62 21090.3 35032.3 4 4 e 0.098 4.42 c 1 

5 2P°_-P° 
[56.51 x W] 34855.4 35032.3 2 4 m 4.97 X 10-- 1.33 A 
[56.51 x 10«] 34855.4 35032.3 2 4 e 4.1X10-'» 0.055 D 1 

ArV 

Ground State ls22s22/>«3s23/>23P0 

Ionization Potential 

Allowed Transitions 

75.0 eV = 605100 cm"1 

A value is available for one multiplet of this ion from the screening-approximation calculations 
of Varsavsky [1]. This result should be quite uncertain (probably too high, as judged from com- 
parisons in other ions), since the possibly important effects of configuration interaction have not 
been taken into account. 

Reference 

|1| Varsavsky. C. M.. Astrophys. J. Suppl. Ser. 6, No. 53. 75 (1?61). 
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ArV.   Allowed Transitions 

No. Transition 
Array- 

Multiplet A(Ä) £,(cm-') £*(cm~') ft Kk /Mio* 
sec"1) 

fit S(at.u.) log«/" 

i 

Accu- 
racy 

Source 

1 s'2-3S3//1 

(luv) 
8.W.94 1384 12 mo 9 15 29 0.50 12 0.66 E 1 

834.878 2032 121810 5 7 29 0.42 5.8 0.32 E Is 
327.055 765 121678 3 5 22 0.38 3.1 0.06 E Is 
822.159 0 121632 1 3 17 0.51 1.4 -0.29 E Is 
835.80 2032 121678 5 5 7.2 0.075 1.0 -0.43 E Is 
827.36. 765 121632 3 3 12 0.13 1.0 -0.42 E Is 

[836.12 2032 121632 5 3 0.80 0.0051 0.070 -1.60 F: Is 

ArV 

Forbidden Transitions 

The adopted values have been derived from Naqvi [1], and Czyzak and Krueger [2]. Since 
their methods are essentially alike. Naqvi's and Czyzak and Krueger's magnetic dipole transi- 
tions have normally been averaged, except for the 3P—'S transition where configuration inter- 
action is important. In this case Czyzak and Krueger's empirically derived value has been preferred 
over Naqvi's, which is based purely on theory (see also Ceneral Introduction). 

References 
(1) Naqvi, A. M., Thesis Harvard (1951). 
[2] Czyzak. S. J. & Krueger, T. K., Monthly Notices Roy. Astrun. Soc. 126, 177-194 (1963). 

ArV. Forbidden Transitions 

I 

Transition Type of Accu- 
No. Array Multiple! MÄ) £f(cm-') Et( cm"1) » (Zk Transi- 

tion 
4*i(sec"') S(at.u.) racy Source 

1 3/>2-3/>2 :.p_ap 
[13.07x10'] 0 765 1 3 m 0.00805 2.00 A 1 

[49199 0 2032 1 5 e 1.33 X 10-« 1.14 C 2 
78905 765 2032 3 5 m 0.0273 2.49 B 1 

[7890.) 765 2032 3 5 e 2.79x10-' 2.54 C 2 

2 3P->D 
(IF) 

6131.0 0 16301 1 5 e 4.9 X 10-* 0.0013 D 2 
6435.10 765 16301 3 5 m 0.223 0.0110 C 1.2 
6435.10 765 16301 3 5 e 3.5X10-" 0.011 D 2 
7005.67 2032 16301 5 5 m 0.52 0.0329 C 1.2 
7005.67 2032 16301 5 5 e 0.0016 0.079 D 2 

3 3P-'S 
[2691.1] 765 37914 3 1 m 6.8 0.00493 C 2 
[2786.1 ] 2032 37914 5 1 e 0.081 0.0081 D 2 

4 'D-'S 
(2F) 4625.54 16301 37914 5 1 e 3.8 4.8 D 2 
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Ar VI 

Ground State Lrt2^2p"3aa3|j 2PT/2 

Ionisation Potential 91.3 eV = 736600 cm-1 

Allowed Transitions 

The screening-approximation calculations of Varsavsky [1] for the Ss^'P—3JS3/>
22

D rnuiti- 
plet are considered to be rather uncertain (probably too high, as judged from comparisons in other 
ions) since the important effects of configuration mixing are neglected entirely. Gruzdev and Pro- 
kofev [2] have carried out Coulomb approximation calculations modified with the Seaton correc- 
tion for the 3/>2P° —4s 2S multiplet; these results should be reliable to within 25 percent, as judged 
from plots depicting/-value dependence on nuclear charge. 

References 

[1) Varsavsky. C. M.. Astrophys. J. Suppl. Ser. 6, No. 53. 75 (i%l). 
(2) Gruzdev. P. F., and Prakufev, V. K.. Optics and Speotrosopy lll.S.S.R.I 21, 151-152 (1966). 

Ar VI. Allowed Transitions 

No. Transition 
Array 

Multiplet MA) i'ilcm-1) £fc(em-') ft £* AkAW 
sec-1) 

/* S(at.u.) •i>SJ«/' Accu- 
racy 

Source 

1 3.s23/>—3s3/)2 2P°-2D 761.00 1473 132534 6 10 33 0.48 7.3 0.46 E 1 

767.06 
754.93 
767.71 

2210 
0 

2210 

132578 
132468 
132468 

4 
2 
4 

6 
4 
4 

33 
28 
5.4 

0.44 
0.48 
0.048 

4.4 
2.4 
0.48 

0.25 
- 0.02 
-0.72 

E 
F. 
E 

Is 
Is 
Is 

2 3/>-('S)4s 2p_*S 293.42 1473 342286 6 2 205 0.088 0.51 -0.277 C 2 

[294.05] 
[292.15' 

2210 
0 

342286 
342286 

4 
2 

2 
2 

136 
69 

0.088 
0.088 

0.341 
0.169 

-0.453 
-0.75 

C 
c 

Is 
Is 

Ar VI 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight num- 
ber, tabulated for example by Naqvi [1|. The transition probability should also be quite accurate, 
since the energy level difference is accurately known. 

Reference 
[1| Nauvi. A. M.. Thesis Harvard (19511. 

ArVl. Forbidden Transitions 

No. 
Transition 

Array Multiplet A(A) Hi cm ') £*<em ') Pi A'*- 

Type of 
Transi- 

tion 
Msec  ') Mat.u.) 

»ecu- 
racy 

A 

S lurcc 

1 3/>-('S)3/> 2p°_-.'p° 

[45237] 0 2210 2 4 m 0.097 1.33 1 
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Ar VII 

(»round State IsWZiMs* 'S« 

Ionisation Potential 124.0 eV= 1000400 cirr 

AUowed Transitions 

The charge-expansion technique of Crossley and Dalgarno [1|, which includes limited con- 
figuration mixing, has been employed for the majority of the transitions in this spectrum; while 
Gruzdev and Prokofev [2] have carried out Coulomb approximation calculations modified with 
the Seaton correction for the 3s3/;''P°—3ä4S

:,
S multiplet. For many of these transitions, the de- 

pendence of oscillator strength on nuclear charge has served as an aid in estimating accuracies. 

References 

|1| Crossley. R. J. S., and Dalgarn... A.. Pioe. Boy. Sue. London A286, 510 (1965). 
|2| Oruzdev, P. F., and Prokofev, V. K.. Optics and Spectroscopy (U.S.S.R.) 21, 151-152 (1966). 

Ar VII. Allowed Transitions 

No. Transition 
Array 

3s2-3s(2S)3/y 

3*3/>-3// 

3s3/)-3sl'-S)3</ 

.ls'3/i-.'ls'l-SH.v 

Multiplet 

'S-'P° 

:tp>_:ip 

:tp°_3D 

;ip°_.ig 

K(A) 

[585.75] 

637.30 

637.051 
637.47 
644.38 
641.32 
630.30 
634.22 

477.5$ 

[479.38] 
475.66 
473.97' 
47V. 49 
475.78 
479.62] 

250.41 

250.94 
249.89 
249.38 

E,(cm->) EkU'tn 

{'14741} 

115581 
113900 
115581 
1139(H) 
113900 
113095 

[114744] 

[115581 
[113900 
[113095 
[115581 
[113900 
[115581 

[114744] 

115581 
113900 
113095 

170720 

[27/6,57] 

272554 
270770 
270770 
269829 
272554 
270770 

[324147] 

324184 
324136 
324079 
324136 
324079 
324079 

514083] 

541083 
541083 
514083 

Kk Ati (HI" 
sec   ') 

78.3 

67 

50 
16.7 
27.0 
66 
17.3 
22.8 

99.2 

98.0 
75.3 
56.4 
24.5 
41.8 

2.7 

278 

154 
93 
31.1 

/«• S(at. u. 

1.21 

0.408 

0.306 
0.102 
0.101 
0.136 
0.172 
0.412 

0.565 

0.473 
0.426 
0.570 
0.0845 
0.142 
0.0056 

0.087 

0.087 
0.087 
0.087 

2.33 

7.7 

3.21 
0.64 
1.07 
0.86 
1.07 
0.86 

8.00 

3.73 
2.00 
0.889 
0.667 
0.667 
0.044 

0.65 

0.359 
0.215 
0.071 

W/if 

0.083 

0.56 

0.185 
-0.51 
-0.297 
-0.389 
-0.287 
-0.385 

0.706 

0.374 
0.107 

-0.244 
-0.374 
-0.371 
-1.55 

-0.106 

- 0 362 
-0.58 
- 1.060 

Accu-Source 
racy 

B 

C + 

c + 
c 
c 
c 
c 
c 
B 

B 
B 
B 
B 
B 
D 

Is 
Is 
Is 
Is 
Is 
Is 

Is 
Is 
Is 
Is 
Is 
Is 

Is 
Is 
Is 

Ar VII 

Forbidden Transitions 

Naqvi's calculations [1| arc the only available source. The resul's for the >|,0_i|,° transi- 
tions are essentially independent of the choice of the interaction parameter!;. For the :lP° — 'P° 
transitions. Naqvi uses empirical term intervals, i.e.. the effects of configuration interaction should 
be partially included. 

Reference 
|1| Naqvi. A. M.. Thesis Harvard (1951}. 
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ArVII.    Forbidden Transitions 

No. 
Transition 

Array Multiple! 
T 

XI A)              A', (em ' ) ftlmi ') ft A'A 

Typt* of 
Transi- 

tion 
it.lsff 

1 3S3/J-3S(
2
S)3/' .il>°_;il>° 

[12.42xl0<] 
[59470] 

[1130**5] 
[113900] 

[I13W0] 
[115581] 

1 
3 

3 
5 

m 
m 

0.004 
0.064 

2 :iljo_ipc 

1735. J. 
175*».*» 
1813.6 

113005 
113*J00 
115581 

170720 
170720 
170720 

1 
3 
5 

3 
3 
3 

in 
m 
m 

1.34 
48 8 

1.47 

Nlal.'i.l 

2.(Kt 
2.50 

7.8 x 10 * 
0.02% 
4.7 x 10  • 

Accu- 
racy 

C- 
C- 
C — 

Source 

_J_ 

(Ground State 

Ionization Potential 

Ar VIII 

Allowed Transitions 

List of tabulated lines: 

l.s-2.s-2/»,:Xs -S, , 

14.3.46 eV= 11Ö7400 eir,  ' 

Wavelength [A] No. Wavelength [A] No. Wavelength |A| No. 

120.0*» 
120.16 
158.92 
15*». 17 
184.30 

3 
3 
2 
2 
8 

337 09 
337.26 
338.22 
519.43 
526.45 

6 
6 
6 
4 
4 

545.90 
700.24 
713.81 

1444.4 
1403.9 

11 
1 
1 

10 
10 

22^.41 
230.88 
260.30 

5 
5 
t 

526.87 
542.44 

4 
II 

1 k>5.5 
1875.2 
1910.«» 

10 
9 
9 

The only source available lor this ion are the charge-expansion calculations of Crossloy ami 
Dalfiarno [1] which include limited configuration mixing. (Graphical comparisons ol this work with 
more refined values within the isoelectronic sequence indicate accuracies within 25 percent. A 
number of additional values have been obtained from studies of the ('-value dependence on nuclear 
charge. The reliable material available for other ions of this isoelectronic sequence in these cases 
permits the determination of reliable values simply by graphical interpolation. 

Reference 

III Crosslcv. R. J. S.. and Diiliuirno. V. IV«c. Rn>. S„,. I I..n A286, 510-518 ll%5). 
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Ar V'lii.    Allowed Transitions 

Nu I riinsilion 
\rruy 

:u-\/> 

.is—.)/< 

3//-3</ 

■V - tv 

6   .W-l// 

7 j.W-l/' 

H j ;W-.v 

9 ! l.v-4/* 

1(1 ! 1/i-W 

1,,-.-.., 

Multiple 

"S—2I* 

*S-*P 

äS_2p 

spwJD 

-|'°-2.S 

-D--I' 

-l>- 

-!) 

-'S - 

,,,o_2S 

A(Al 

704.87 

|700.24] 
[713.81] 

ISV.UI 

[158.92] 
[159.17] 

120.11 

[120.09] 
[120.16] 

324.12 

[526.4.1] 
519.43] 

[526.87] 

XHI.M 

I2.10.88] 
[229.44] 

[337.26 
[338.22 
[337.09 

260:u> 
j 

i /««".« 
111875.2] 
jliyio.y] 

I n:>7.> 
I 
'[iw> 3.9] 
11444.4] 

j[1465.5] 

5/7.W 

0 
0 

141870 

142776 
I4<K)58 
142776 

I4IH7I» 

142776 
140058 

141870 

142776 
140058 

62»9ft5 

629237 
628240 

«.'«.'.542 

83269! 
832245 

■112667 

332727 
332576 
332576 

575910 

575910 
575910 

.«2667 

332727 
33257t» 
332576 

.'«2667 

.'«2667 

575910 

575910 
575910 

628'HI., 

629237 
628240 
629237 i 697471 

i 
62«9«5 I     812422 

628'm 

629237 
628240 
629237 

7168.17 

«7.5265 

62«W5 

629237 
628240 

W7.il 7 

697548 
697471 

A'I A'* 

2  !  6 

[545.90]    !   629237  :    812422 
[542.91]   I   6282«! !    812122 

._L 

4 6 
9 4 
4 4 

6 2 

1 2 

IkiiW f* Stat.u.) log«/' Accu- Source 
sec"1) 

■ 

racy 

25.4 0.57 2.63 0.057 <: 1 

25.8 
24.5 

0.380 
0.187 

1.75 
0.88 

-0.119 
-0.427 

c 
c 

Is 
Is 

110 0.12 0.13 -0.62 c interp 

110 
110 

0.083 
0.041 

0.087 
0.043 

-0.78 
-1.09 

c 
c 

Is 
Is 

60 0.039 0.031 -1.11 D interp 

61 
58 

0.027 
0.013 

0.021 
0.010 

-1.27 
-1.59 

D 
D 

Is 
Is 

73 0.50 5.2 0.477 C 1 

72 
63 
12 

0.450 
0.51 
0.050 

3.12 
1.73 
0.35 

0.255 
0.009 

-0.70 

C 
<: 
D 

Is 
Is 
Is 

350 0.093 0.42 -0.25 c interp 

230 
120 

0.092 
0.093 

0.28 
0.14 

-0.43 
-0.73 

c 
c 

Is 
Is 

120 0.12 1.3 0.08 c interp 

100 
110 

12 

0.12 
0.097 
0.020 

0.78 
0.43 
0.087 

-0.14 
-0.41 
-1.10 

c 
c 
D 

Is 
Is 
Is 

650 0.92 7.9 0.96 C + interp 

240 0.17 1 0 0.23 c interp 

5.1 0.82 10 0.21 c interp 

5.1 
4.8 

0.54 
0.26 

6.7 
3.3 

0.03 
-0.28 

c 
c 

Is 
Is 

17 0.92 26 0.74 c interp 

17 
15 
2.7 

0.83 
0.91 
0.088 

16 
8.7 
1.7 

0.52 
0.26 

- 0.45 

c 
c 
D 

Is 
Is 
Is 

ill) 0.16 1.7 - 0.02 <: interp 

68 
36 
 _ 

0.15 
0.16 

1.1 
0.57 

-0.22 
- 0.49 

c 
c 

Is 
Is 
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Ar IX 

(»round Stale IS*2$*2/J»'S« 

lonization Potential 422.6 eV 

Allowed Transitions 

Calculations by Kastner. Omidvar, and Underwood [1|. employing Hartree-Foek wave func- 

tions and including intermediate coupling, are available. Since the calculations are based on a 

single-configuration approximation only, uncertainties of up to 50 percent ar" expected for the 

strong lines and even higher uncertainties for the weak lines, the latter being more affected by 
assumptions about the coupling. 

Reference 

[1| Kästner. S. O.. Omidvar. K.. and Underwood. J. H.. Astruphys. J. 148, 269-273 (1967). 

No. 

Ar IX. Allowed Transitions 

Transition 
Arrav 

2/*"- 
2/>sl*PJ2)3.s 

' 2/;sl2Pi/3)& 

Multiple! 

'S-aP 

MAI 

4M. 180] 

Eiicm 'I ; A.'AKIH ') 

0 

[4M.730J    j 0 
i 

2033350 

21)12120 

ft •fi,llO"st'c   'I 

WO 

.S'tat.u.l 

0.052  I     0.0081 

0.14 0.022 

!";: nl      Veen- Siiurce 
rji\ | 

1.28 

0.8.) 

K 

I) 

(Ground State 

Ionisation Potential 

Ar X 

Forbidden Transitions 

15*2^2/»* äl^/s 

The line strength fur the one transition in the ground state configuration is a straight number, 

tabulated for example by Naqvi [1|. The transition probability is not as accurate, since the energy 
level difference is not accurately known. 

Refer 

|l| Nüi|vi. A. M.. Thesis Harvard 119511. 

Ar X. Forbidden Transitions 

No. 
Transition 

Array 

2,;s-2/^ 

222 

Multiple! 

-r-'p 
(IF) 

MA) 

5536 

ft/(cm ') Eitiem 

180591 

Hk 
Type of 
Transi- 
tion 

i«(sec ') 

106 

Mat.u.) 

1.33 

Accu- 
racy Sonne 



r i 

I 
: 

ArXl 

(»round State 

Ionization Potential 

1^2^^ 

Forbidden Transitions 

The sources used in deriving the adopted values are Naqvi [1|, and Malville and Berger [2j. 
The electric quadrupole value of Naqvi has been modified by substituting Malville and Berger's 
quadrupole moment sv, since this is obtained from self-consistent field wave functions, while Naqvi 
used the less elaborate screened hydrogenic wave functions. 

References 

|l| Naqvi. A. M.. Thesis Harvard (19511. 
|2| Malville. J. M. and Berber. R. A.. Planetary and Space .Science 13, 1131 (1965). 

Ar XI.    Forbidden Transitions 

No. 
Transition 

Array Multiple! MA) A,(cm ') Enloin1) tu A'A 

Type of 
Transi- 

tion 
Aiciiwc'1) S(at.u.) 

Accu- 
racy Source 

1 2/^-2/»' 'P-'P 
(IF) 

6919 
6919 

0 
0 

14449 
14449 

5 
5 

3 
3 

e 
m 

3.9x10« 
66.5 

0.011 
2.45 

D 
B 

1,2 
1 

Ground State 

Ar XIII 

l5225-'2/^3P« 

lonization Potential 

Forbidden Transitions 

Krueger and Czyzak's (1| values have been used for this ion, except for the magnetic dipole 
:,P(i, i — "P|,:t transitions where Naqvi's [2| results have been applied. Some wavelength data are 
from observed coronal lines. The electric quadrupole moment (sq) is based on self-consistent 
field wave functions with exchange. 

References 

|l| Krueger. T. K. and Czyzak. S. J.. Astrophys. J. 144, 1194-1202 (1966). 
|2| Nauvi. A. M.. Thesis Harvard (1951). 
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Ar XIII. Forbidden Transitions 

Transition 
~i 

Type of Accu- 
No. Array Multiplel X(A) i'ilcm'l £t(cm ') W Pk Tran- 

sition 
•1A,(sec ') .S(at.!i.) racy Source 

1 2/r' — If? :.p_:.p 
[9960] 0 10040 1 3 m 17.9 1.97 B- 2 
[4579] 0 21835 1 ."> c 7.9 x |0~» 0.0047 C- 1 
8475.7 [1Ü0401 I 

[l'XMO] 
21835 3 5 m 21.5 2.43 B 2 

8475.7 [21835] 3 ."> * 7.4 x 10"' 0.0097 C 1 

3p_ID 
1165 0 85840 1 5 e ().(H)22 1.4 x 10  • D- 1 
1319 10040 85840 3 ;> m 242 0.103 C ! 
1319 i10040 85840 3 5 e 0.035 4.2 x 10-« I) 1 
1562 21835 85840 5 5 III 420 0.2% C 1 

[1562 [21835] (858401 5 5 e 0.10 0.0028 D 1 

3P-'S 
[675.3] [10040] [158 UK)] 3 1 m 3030 0.0346 C 1 
[733.7] [21835] [1581(H)] 5 1 e 2.7 3.4 x K)-< D 1 

•D-'S 
[1383] [85840] [1581(H)] 5 1 e .~)..i 0.017 D 1 

('»round State 

Ionization Potential 

Ar x liv 
ls*2s*2/»*P?n 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi[l|. The transition probability should also be quite accurate, since 
the enersiv level difference is accurately known 

Reference 

|lj Naqvi. A. M.. Thesis Harvard (1951). 

Transition 
Array 

1   2/i ~2ji 

224 

Mulliplet 

4*_»p 

Ar XIV. Forbidden Transitions 

MÄ) 

4U2.I 

A.", I cm ') Ek(< ni ') 

22657 

if* 

Type of 
Transi- 

tion 
•Msec >) 

104 

.S'Ul.n.) 

.33 

Arm 
racy Source 



(»round Slate 

lonization Potential 

POTASSIUM 

Ki 

ls22s22/A352.V4i2Sl/2 

4.339 eV = 35009.78 cm -• 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä| No. Wavelength [A] No. Wavelength [Ä] No. 

2927.5 24 6964.18 35 10904 73 
2942.7 23 6964.69 35 10925 81 
2963.2 22 7541.5 66 10927 73 
2992.2 21 7618.9 65 1094B 81 
3034.8 20 7664.91 15 11022.3 10 

3101.9 19 7698.98 15 11237 72 
3217.15 18 7722.3 64 11261 72 
3217.62 18   I 7865.5 63 11270 80 
3246.38 17 8037.3 8 11294 80 
3247.41 17 8038.9 8 11690.2 34 

4044.15 16 8039.3 8 11744 71 
4047.21 16   ! 8072.5 62 11769.7 34 
4741.6 33 8192.5 7 11770 71 
4744.4 42 8194.1 7 11772.8 34 
4754.6 33 : 8194.6 7 11793 79 

4757.4 42 8250.2 14 11820 79 
4786.9 32 8251.7 14 12432.2 25 
4791.0 4) 8390.3 61 12522.1 25 
4800.2 32 8391.5 61 12526 58 
4801.3 41 8417.3 6 12540 58 

4850.0 31 8419.0 6 12580 70 
4856.1 40 8419.8 6 12610 70 
4863.6 31 8503.5 13 12659 78 
4869.8 40 8505.3 13 12690 78 
4942.0 30 8763.6 5 13377.9 2 

4950.8 39 8765.4 5 13382 2 
4956.1 30 8766.8 5 13397.1 2 
4965.0 39 8902.2 12 14153 69 
5084.3 29 8904.1 12 14191 69 
5097.2 38 8923.5 60 14293 77 

5099.2 29 8925.6 60 14332 77 
5112.2 38 9347.0 4 14807 50 
5323.4 28 9349.1 4 14810 50 
5339.8 28 9351.4 4 14811 50 
5343.1 37 9595.60 11 

| 15163 9 

5359.6 37 9597.76 11 15163.1 9 
5359.7 37 9950.5 59 15)68.4 9 
5782.4 27 9955.2 59 15203 49 
5801.8 27 10479 3 15205 49 
5812.2 36 10484 3 15207 49 

5831.7 36 10487 3 15768 48 
5831.9 36 10672 74 15770 48 
6911.1 26 10686 82 15772 48 
6936.27 35 1C693 74 15984 56 
6938.8 26 10707 82 16622 47 
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Kl.   Allowed Transitions — Continued 

Wavelength [A) N». Wuvelenjstli (A] No. Wavelength [Aj No. 

16625 47 20685 45 31591 1 

16628 47 20690 45 36363 67 
16963 55 20701 45 36613 67 
17939 68 21945 53 37072 75 
18000 68 27068 57 3733.» 75 

18029 46 27185 44 37348 75 
18033 46 27193 44 62063 43 
18038 46 27206 57 62110 43 
18229 76 27226 44 62436 43 
18292 76 31162 52 136900 51 

18298 76 31381 1 
18627 54 31404 1 

The value for the 4s —4/; resonance doublet is the average of three experimental and two 
theoretical determinations. The experiments include an absolute anomalous dispersion measure- 
ment by Ostrovskii and Penkin [2] and lifetime determinations using the phase-shift method by 
Link [3] and the Hanle effect by Schmieder, et al. [4J. The theoretical approaches considered the 
most refined available are a self-consistent field calculation (SCF), done in both the length and 
velocity approximations and including core-relaxation effects, by Weiss [5] and a similar SCF 
calculation, but instead including core polarization effects, by Hameed et al. (6). Very good agree- 
ment among the averaged values suggests an accuracy within 10 percent. 

For the 4s — w/> series the anomalous dispersion measurements of Filippov [7| are chosen in 
preference to the available theoretical calculations which are considered unreliable due to cancella- 
tion in the radial integral for these transitions. Filippov's values are normalized such that his 
value for the 4s — <l/> transition agrees with the above adopted value. Based mainly on the reliability 
of Filippov's values for the similar Ite — rip series in Nal. the accuracy for these transitions is 
estimated to be within 25 percent. Values for a few of the higher members of this series are ob- 
tained by graphical extrapolation. Scbmieder, et al. 141 have measured the lifetime of the 5/> state 
which confirms Filippov's adopted value for 4s —5/> (see fig. 7 in the General Introduction), if Ander- 
son and Zilitis' [1] results are used to take account of the 5s —5/; and 3d—5/> transitions. 

Weiss has included the 4/> —3</ transition in his SCF calculations described above. Dipole 
length and velocity approximations agree well and their average is within 10 percent of the value 
calculated by Villars [8] using the SCF approach and including a polarization potential. 

Values for most of the members for the 4/> — ns and \i> — nd series are available from Villar's 
SCF calculations and from the absolute flame intensity measurements of Van der Held tnd Heier- 
man [9J. For the 4/) — ns series, agreement is usually good and the results have been averaged 
(see fi/,. 9 in General Introduction). For the 4/> —«</ series the values are obtained by graphically 
averaging the two results (fig. 8 in General Introduction). Whenever these sources are not available 
for these series, the semi-empirical calculations of Anderson and Zilitis [1] are employed or the 
results are obtained by means of extrapolation or interpolation. 

For all other transitions in the remaining series, the semi-empirical calculations of Anderson 
and Zilitis are adopted with accuracies expected to be within 50 percent. 

References 

[11 Anderson. E. M„ and Zilitis, V. A.. Optus and Spectroscnpy (U.S.S.R.) 16,99-101 (1964). 
[2| Ostrovskii. Yu. I., and Penkin. N. P., Optics and Spertroscopy (U.S.S.R.) 12,379 (1962). 
|3| LirikJ. K.J. Opt. Sue. Am. 56,1195-1199(1966). 
[4| Schmieder, R. W., Lurio, A., and Happer, W., Phys. Rev. 173, 76-79 (1968). 
[5| Weiss. A. W.. J. Res. NBS 71A fPhys. and Chem.) No. 2,157-162 (1967). 
(6) Hameed, S., Herzenberg, A., and James, M. G., J. Phys. B (Proc. Phys. Soc.) Ser. 2, 1,822-830 (1968). 
|7| Filippov, A. N., Zhur. Eksptl. i. Teorel. Fiz. 3, 520-523 (1933) (translated in "Optical Transition Probabilities." Vol. 1). 
[8f Villars. D. S. J. Opt. Soc. Am. 42,552-558 (1952). 
[9| Van der Held. E. F. M. and Heierman, J. H.. Physica 3,31-41 (1936). 
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K I.    Allowed Transitions 

\... Transition 
Array 

II 

12 

3</-5/> 

3d-dp 

:id-7i> 

3*/ -8/» 

3</-9/; 

3</-10/> 

3,/-il/> 

3,/-12/' 

3»/-4/ 

3«/ -5/ 

3</-6/ 

3r/-7/ 

Multiple! 

2[)_2p° 

2[)_2p° 

2[) _2po 

2[)_2p° 

2[)_2p° 

2D--P° 

-'D-'P" 

'D--P° 

-D --F0 

2D--T» 
(9) 

->D--T° 
(10) 

2D_2FC 

X{A) 

3/4M 

31381 
31591 
31404 

M':MW 

13377.9 
13397.1 
[13382] 

10482 

10479 
10487 
10484 

9348.6 

9347.0 
9351.4 
9349.1 

8764.8 

8763.6 
8766.8 
8765.4 

8418.2 

8417.3 
8419.8 
8419.0 

8193.3 

8192.5 
8194.6 
8194.1 

8038.1 

8037.3 
8039.3 
8038,9 

15165 

15163.1 
15168.4 

[15163] 

11022.3 

9.596.5 

9595.60 
9597.76 
9595.60 

8903.0 

8902.2] 
8904.11 
8902.2] 

K,U-m-') 

21535.4 

21534.4 
21536.8 
21536.8 

21535.4 

21534.4 
21536.8 
21536.8 

21535.4 

21534.4 
21536.8 
21536.8 

21535.4 

21534.4 
21536.8 
21536.8 

21535.4 

21534.4 
21536.8 
21536.8 

21535.4 

21534.4 
21536.8 
21536.8 

21535.4 

21534.4 
21536.8 
21536.8 

21535.4 

21534.4 
21536.8 
21536.8 

21535.4 

21534.4 
21536.8 
21534.4 

21535.4 

21535.4 

21534.4 
21536.8 
21534.4 

21535.4 

21534.4 
21536.8 
21534.4 

A.'tlcm-1) fit r-'A' 

24713.9 10 6 

24720.2 
247ÜL4 
24720.2 

6 
4 
4 

4 
2 
4 

29004.9 10 6 

29007.7 
28999.3 
29007.7 

6 
4 
4 

4 
2 
4 

31073.0 10 6 

31074.5 
31070.0 
31074.5 

6 
4 
4 

4 
2 
4 

32229.2 10 6 

32230.1 
32227.4 
32230.1 

6 
4 
4 

4 
2 
4 

32941.5 10 6 

32942.1 
32940.3 
32942.1 

6 
4 
4 

4 
2 
4 

33411.1 10 6 

33411.5 
33410.3 
33411.5 

6 
4 
4 

4 
2 
4 

33737.1 10 6 

33737.4 
33736.6 
33737.4 

6 
4 
4 

4 
2 
4 

33972.7 10 6 

33972.9 
33972.3 
33972.9 

6 
4 
4 

4 
2 
4 

28127.7 10 14 

23127.7 
28127.7 
28127.7 

6 
4 
6 

8 
6 
6 

30605.6 10 14 

31953.0 10 14 

31953.0 
31953.0 
31953.0 

6 
4 
6 

8 
6 
6 

32764.5 10 14 

32764.5 
32764.5 
32764.5 

6 
4 
6 

8 
6 
6 

0.016 

0.014 
0.015 
0.0015 

0.0041 

0.0037 
0.0041 
4.1x10* 

0.0019 

0.0017 
0.0019 
1.9x10* 

0.0011 

9.6X10- 
0.0011 
1.1x10' 

6.7 X 10- 

6.0X10- 
6.7X10- 
6.7xl0-s 

4.4X10- 

4.0X10- 
4.4X10- 
4.4X10- 

3.1 x 10- 

2.8x10- 
3.1X10- 
3.1X10- 

2.3 x 10- 

2.0x10" 
2.3 x 10- 
2.3 x 10- 

0.16 

0.15 
0.15 
0.010 

0.066 

0.035 

0.035 
0.033 
0.0024 

0.021 

0.021 
0.020 
0.0014 

0.14 

0.14 
0.11 
0.022 

0.0066 

0.0066 
0.0055 
0.0011 

0.0019 

0.0019 
0.0016 
3.2X10- 

8.4X10- 

8.4X10- 
7.0X10- 
1.4X10- 

4.6X10- 

4.6X10- 
3.8X10- 
7.7X10- 

2.8X10 

2.8x10 
2.4x10 
4.7X10 

1.9X10- 

1.9x 10 
1.6X10 
3.1 xlO 

1.3 x 10 

1.3x10 
1.1X10 
2.2X10 

0.75 

0.71 
0.75 
0.036 

0.17 

0.068 

0.065 
0.068 
0.0032 

0.035 

0.034 
0.035 
0.0017 

.S(al. u.) log«/' Accu- 
racy 

Source 

140 0.15 D 1 

84 
47 
9.3 

-0.08 
-0.36 
-1.06 

D 
D 
D 

Is 
Is 
Is 

2.9 -1.18 D 1 

1.7 
0.97 
0.19 

-1.40 
-1.66 
-2.36 

D 
D 
D 

Is 
Is 
Is 

0.66 -1.72 D 1 

0.39 
0.22 
0.044 

-1.94 
-2.20 
-2.90 

D 
D 
D 

/s 
Is 
Is 

0.26 -2.08 D 1 

0.16 
0.086 
0.017 

-2.30 
-2.55 
-3.25 

D 
D 
D 

Is 
Is 
Is 

0.13 -2.34 D 1 

0.080 
0.044 
0.0089 

-2,56 
-2.81 
-3.51 

D 
D 
p 

Is 
Is 
Is 

0.078 -2.55 D 1 

0.047 
0.026 
0.0052 

-2.77 
-3.03 
-3.72 

D 
D 
D 

Is 
Is 
Is 

0.050 -2.73 D 1 

0.030 
0.017 
0.0034 

-2.95 
-3.21 
-3.90 

D 
D 
D 

Is 
Is 
Is 

0.035 -2.88 D 1 

0.021 
0.012 
0.0023 

-3.11 
-3.36 
-4.06 

D 
D 
D 

/5 
Is 
Is 

370 0.88 D 1 

210 
150 

11 

0.63 
0.48 

-0.67 

D 
D 
D 

Is 
Is 
Is 

61 0.23 1) 1 

22 -0.17 I) 1 

12 
8.6 
0.61 

-0.41 
-0.57 
-1.71 

D 
D 
D 

Is 
Is 
Is 

10 -0.45 D 1 

5.9 
4.1 
0.30 

-0.70 
-0.85 
-1.99 

D 
D 
D 1         'is 
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Ki.    Allowed Transitions — Continued 

13 

14 

15 

16 

17 

18 

26 

27 

28 

Transition 
Arrav 

3,/-8/ 

3</-9/ 

4s — 4/< 

is — 5/> 

4s — bji 

4s - lf> 

19 4s- "8/> 

20 4s- -9,, 

21 4s- -10/; 

22 4s- -11/; 

23 4s- -12/, 

24 4s- -13/» 

23 4/, -5s 

4/> — 6s 

4/> — 7s 

4/;-8s 

Multiplcl 

aD--F° 

2D_!P 

(1) 

2S-2P 
(3) 

2S_*po 
(4) 

2S--P° 
(1   UV) 

2C _2po 

(2uv) 

2S-2P° 
(3uv) 

2S--P° 
(4 uv) 

2S-2P° 
(5 uv) 

2S-2P° 
(6 uv) 

24, _2po 

2|JO_2S 

(5) 

2P°-2S 

?P°-2S 

2po_2g 

Al A) 

8504.2 

8503.5 
8505.3 
8503.5 

8250.9 

8250.2 
8251.7 
8250.2 

7676.2 

7664.91 
7698.98 

404.1.2 

4044.15 
4047.21 

3446.7 

3446.38 
3447.41 

3217.3 

3217.15 
3217.62 

3101.9 

3034.8 

2992.2 

2963.2 

2942.7 

2927.5 

12492 

12522.1 
12432.2 

6929.5 

[6933.8] 
[6911.1] 

5795.3 

[5801.8 5801.8] 
5782.4] 

5334.3 

[5339.8] 
[5323.4] 

f.'ilciii'l 

21535.4 

21534.4 
21536.8 
21534.4 

21535.4 

21534.4 
21536.8 
21534.4 

0.0 

0.0 
0.0 

0.0 

().() 
().() 

0.0 

0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

().() 

0.0 

0.0 

13023.7 

13042.9 
12985.2 

13023.7 

13042.9 
12985.2 

13023.7 

13042.9 
12985.2 

13023.7 

13042.9 
12985.2 

A.Ylnr. ') 

33291.0 

33291.0 
33291.0 
33291.0 

33652.0 

33652.0 
33652.0 
33652.0 

13023.7 

13042.9 
12985.2 

24713.9 

24720.2 
24701.4 

29004.9 

29007.7 
28999.3 

31073.0 

31074.5 
31070.0 

32229.0 

32941.5 

33411.1 

33737.1 

33972.7 

34148.5 

21026.8 

21026.8 
21026.8 

27450.7 

27450.7 
27450.7 

30274.3 

30274.3 
30274.3 

31756.0 

31756.0 
31756.0 

4*t(10« 
sec1) 

0.014 

0.014 
0.013 
9.2X10-* 

0.0095 

0.0096 
0.0089 
6 4X10-' 

0.385 

0.387 
0.382 

0.0124 

0.0124 
0.0124 

0.00168 

0.00168 
0.00168 

4.60 X10-4 

4.61 A 10' 
4.57X10-' 

1.84X10' 

2 6 

2 6 

2 6 

6 2 

4 
2 

2 
2 

6 2 

4 
2 

2 
2 

6 2 

4 
2 

2 
2 

6 2 

4 
2 

2 
2 

9.4X10- 

6    5.4X10- 

3.3X10- 

2.4x10- 

1.7X10- 

0.235 

0.156 
0.079 

0.082 

0.054 
0.0272 

0.0369 

0.0246 
0.0123 

2    0.0189 

0.0126 
0.0063 

/* 

0.021 

0.020 
0.021 
O.(K)K) 

0.014 

0.013 
0.014 
6.5X10 

1.02 

0.682 
0.339 

0.0091 

0.0061 
0.00305 

9.0X1O-' 

6.0X10-'" 
2.99X10-' 

2.14X10' 

1.43X10"' 
7.1x10-' 

8.0x10 •• 

3.90X l()-5 

2.19X10  > 

1.3X10 ■' 

9.2X10 « 

6.7X10' 

0.183 

0.183 
0.183 

0.0196 

0.0196 
0.0196 

0.0062 

0.0062 
0.0062 

0.00269 

0.00269 
0.00268 

"I 

.Slat. u.I 

5.9 

3.4 
2.4 
0.17 

3.7 

2.1 
1.5 
0.11 

51.6 
I 
34.4 
17.2 

0.242 

0.161 
0.081 

0.0204 

0.0136 
0.0068 

0.00453 

0.00303 
0.00150 

0.00164 

7.8X10-' 

4.31 X 10' 

2.5X10-' 

1.8X10' 

1.3x10' 

45.1 

30.2 
15.0 

2.69 

1.78 
0.89 

0.71 

0.474 
0.235 

0.283 

0.189 
0.094 

I"««/ 

-0.68 

-0.92 
-1.08 
-2.22 

-0.87 

-1.11 
-1.26 
-2.41 

0.310 

0.135 
-0.169 

-1.74 

-1.91 
-2.215 

-2.74 

-2.92 
-3.223 

-3.369 

-3.54 
-3.85 

-3.80 

-4.108 

-4.359 

-4.59 

-4.74 

-4.87 

0.041 

-0.136 
-0.437 

-0.93 

-1.108 
-1.409 

-1.430 

•1.61 
•1.91 

-1.79 

-1.97 
-2.271 

\ccil 
racy 

Source 

B-t 
B+ 

I  , 

Is 
Is 
Is 

Is 
Is 
Is 

2.3.4. 
5.6 
Is 
Is 

Is 
Is 

Is 
Is 

7/i 

Is 
Is 

In 

1,! 

7« 

extrap. 

extrap. 

extrap. 

Is 
Is 

8.9 

Is 
Is 

8.9 

Is 
Is 

8, 9 

Is 
Is 

228 



Kl.    Allowed Transitions—Continued 

No. 
1 

Transition 
Anay 

Multiple! MA) A-Mcm1) A'ttim ') A'* 

6 

A 

2 

■i»i< 10" 
set-') 

h .S'(al.u.) 

29 4/>-9* 2po_-2S 5094.3 13023.7 32648.2 0.0105 0.00136 0.137 

[5099.2] 
[5084.3] 

13042.9 
12985.2 

32648.2 
32648.2 

4 
2 

2 
2 

0.0070 
0.00350 

0.00136 
0.00136 

0.092 
0.0454 

30 V-I0.S 2po_, S 4951.4 13023.7 33214.4 6 2 0.0064 7.8 x 10' 0.077 

[49.56.1] 
[4942.0] 

13042.9 
12985.2 

33214.4 
33214.4 

4 
2 

2 

2 
0.00425 
0.00213 

7.8 Xi04 

7.8 xlO4 
0.051 
0.0254 

31 4/J-lb ,po_,S 4859.0 13023.7 33598.2 6 2 0.0043 5.1 XlO4 0.049 

[4863.6] 
[4850.0] 

13042.9 
12985.2 

33598.2 
33598.2 

4 
2 

2 
2 

0.0029 
0.0014 

5.1 XlO"4 

5.1 XlO"4 
0.033 
0.016 

32 il>-\2s ,po_,S 4795.7 13023.7 33869.7 6 2 0.00310 3.57 XlO-4 0.0338 

[4800.2] 
[4786.9] 

13042.9 
12985.2 

33869.7 
33869.7 

4 
2 

2 
2 

0.00207 
0.00103 

3.57 XlO-4 

3.57 XlO-4 
0.0225 
0.0112 

32 4l>-lis 2po_2g 4750.3 13023.7 34069.3 6 2 0.0024 2.7 XlO4 0.025 

[4754.6] 
[4741.6] 

13042.9 
12985.2 

34069.3 
34069.3 

4 
2 

2 
2 

0.0016 
8.0 x 10-" 

2.7 xlO-4 

2.7 xlO-4 
0.017 
0.0084 

34 4/>-3</ ,po_iD 

(6) 
11745 

11772.8 
11690.2 
11769.7 

13023.7 

13042.9 
12985.2 
13042.9 

2/5.35.4 

21534.4 
21536.8 
21536.8 

6 

4 
2 
4 

10 

6 
4 
4 

0.262 

0.259 
0.220 
0.0434 

0.90 

0.81 
0.90 
0.090 

209 

125 
69 
14.0 

35 4/>-4r/ 
(7) 

6955.2 13023.7 27397.4 6 10 3.1 X 10-" 3.7 x 10-4 0.051 

6964.69 
6936.27 
6964.18 

13042.9 
12985.2 
13042.9 

27397.0 
27398.1 
27398.1 

4 
O i. 
4 

6 
4 
4 

3.1 X10-" 
2.6 x 10-" 
5.1 X10-5 

3.4 XlO-4 

3.7 xlO-4 

3.7 xlO-5 

0.031 
0.017 
0.0034 

36 4/>-."W 2po_2D 5825 J 13023.7 30185.4 6 10 0.0033 0.0028 0.32 

5831.9] 
5812.2] 
5831.7] 

13042.9 
12985.2 
13042.9 

30185.2 
30185.7 
30185.7 

4 
2 
4 

6 
4 
4 

0.0032 
0.0028 
5.4 X10~4 

0.0025 
0.0029 
2.7 XlO'4 

0.19 
0.11 
0.021 

37 Ip-M *p°_aD 5354.1 13023.7 31695.6 6 10 0.0046 0.0033 0.35 

[5359.7] 
5343.11 

[5359.6] 

13042.9 
129«^ •) 

13042.9 

31695.5 
31695.8 
31695.8 

4 
2 
4 

6 
4 
4 

0.0046 
0.0040 
7.6 xlO"4 

0.0030 
0,0034 
3.3 xl()-4 

0.21 
0.12 
0.023 

38 lp-7,1 «p»_*D 5107.2 •3023.7 32598.5 6 10 0.0035 0.0023 0.23 

[5112.2 
5097.2 

[5112.2;. 

13042.9 
12985.2 
13042.9 

32598.5 
32598.5 
32598.5 

4 
2 
4 

6 
4 
4 

0.0035 
0.0029 
5.7X10 4 

0.0021 
0.0023 
2.2 XlO-4 

0.14 
0.077 
0.015 

3" I ,p._2D 496(1 J 13023.7 33178.4 6 10 0.0026 0.0016 0.16 

[4965.1; 
[4950.8 
[4965 0 

130<2.9 
12985.2 
13042.9 

33178.4 
33178.4 
33178.4 

4 
2 
4 

6 
4 
4 

0.0026 
0.0022 
4.6 xlO-4 

0.0015 
j 0.0016 
| 1.7 XlO-4 

0.096 
0.053 
0.011 

1-.UA/ 

-2.088 

Accu- 
racy 

Source 

8.9 

-2.263 
-2.57 

C 
c 

Is 
Is 

-2.327 c- 8.9 

-2.50 
-2.81 

c- 
c- 

L 
Is 

-2.51 c- interp. 

-2.69 
-2.99 

c- 
c- 

Is 
Is 

-2.61 c- 1.9 

-2.78 
-3.083 

c- 
c- 

Is 
Is 

-2.79 c- extrap. 

-2.97 
-3.27 

c- 
c- 

Is 
Is 

0.73 c 5,8 

0.51 
0.255 

-0.444 

c 
c 
c 

Is 
Is 
Is 

-2.65 E 8n.9n 

-2.87 
-3.13 
-3.83 

E 
E 
E 

Is 
Is 
Is 

-1.77 D 8/J.9« 

-2.00 
-2.24 
-2.97 

D 
D 
D 

Is 
Is 
Is 

1.70 D 8n.9n 

-1.92 
-2.17 
-2.88 

D 
D 
D 

Is 
Is 

-1.86 D 8/1.9« 

- 2.08 
- 2.34 
-3.06 

D 
D 
D 

Is 
Is 
It 

- 2.02 D 8*1.% 

-2.22 
-2.49 
-3.17 

D 
D 
D 

Is 
Is 
Is 
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Kl.    Allowed Transitions — Continued 

Multiple! 

4/>-9<7 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

230 

4/>-10rf 

4/>-lW/ 

4rf-6/> 

4rf-7p 

4</-8p 

4rf-9p 

\d- 10p 

4d-llp 

\d- 12p 

4rf-13p 

4d-4/ 

,po_2D 

2po_.D 

»P°_sD 

2D_.po 

2D_2po 

2D_2po 

2D_2pu 

2D_.po 

2D_2po 

*D-2P° 

2D_2po 

2D-2FC 

MÄ) h:,Um<) 

486.5.2 13023.7 

[4869.8] 13042.9 
4856.1 12985.2 

[4869.8] 13042.9 

4799.9 13023.7 

[4804.3] 13042.9 
[4791.0 12985.2 
[4804.3] 13042.9 

4753.1 13023.7 

[4757.4] 13042.9 
4744.4 12985.2 

[4757.4] 13042.9 

62191 27397.4 

[620681 27397.0 
[62436 27398.1 
[62110] 27398.1 

27199 27397.4 

[27185] 27397.0 
[27226 27398.1 
[27193] 27398.1 

20691 27397.4 

[20685] 27397.0 
20701j 27398.1 

[20690] 27398.1 

18032 273974 

[18029] 27397.0 
18038 27398.1 

[18033] 27398.1 

16624 27397.4 

[16622] 27397.0 
16628 27398.1 

[16625] 27398.1 

15769 27397.4 

[15768] 27397.0 
15772 27398.1 

[15770] 27398.1 

15204 27397.4 

[15203] 27397.0 
15207 27398.1 

[15205] 27398.1 

U808 27397.4 

[14807] 27397.0 
[14811 27398.1 
[14810] 27398.1 

136900 27397.4 

Kkivm-') 

33572.1 

33572.1 
33572.1 
33572.1 

33851.8 

33851.8 
33851.8 
33851.8 

34056.9 

34056.9 
34056.9 
34056.9 

29004.9 

29007.7 
28999.3 
29007.7 

31073.0 

31074.5 
31070.0 
31074.5 

32229.0 

32230.1 
32227.4 
32230.1 

32941.5 

32942.1 
32940.3 
32942.1 

33411.1 

33 1.5 
33410.3 
33411.5 

33737.1 

33737.4 
33736.6 
33737.4 

33972.7 

33972.9 
33972.3 
33972.9 

34148.5 

34148.6 
34148.2 
34148.6 

28127.1 

4w(10» 
sec"1) 

fik Mal. ii. 1 iW \ccll- 
racy 

Source 

0.0020 0.0012 0.12 --2.14 D 8H.9« 

0.0021 
0.0018 
3.5 X 104 

0.0011 
0.0013 
1.2 XlO4 

0.072 
0.040 
0.0030 

-2.36 
-2.59 
-3.32 

D 
D 
D 

Is 
Is 
Is 

0.0016 9.0x10-« 0.085 -2.27 D ln,9n 

0.0016 
0.^013 
2.6 XlO4 

8.1 x lO4 

8.9 x 10-4 

9.0 x 10-' 

0.051 
0.028 
0.0057 

- 2.49 
-2.75 
-3.44 

[) 
D 
D 

Is 
Is 
!s 

0.0012 6.6 x 1()-4 0.062 -2.40 D 1 

0.0012 
9.8 XlO"4 

1.9 XlO"4 

5.9 x 1()-4 

6.6 X 10-4 

6.6 x 10-* 

0.037 
0.021 
0.0041 

-2.63 
-2.88 
-3.58 

D 
D 
D 

Is 
Is 
Is 

0.0086 0.30 610 0.48 D 1 

0.0078 
0.0083 
8.7 X 10 * 

0.30 
0.24 
0.050 

370 
200 

41 

0.26 
-0.02 
-0.70 

D 
D 
D 

Is 
Is 
Is 

0.0029 0.019 17 -0.72 D 1 

0.0025 
0.0029 
2.8 XlO-4 

0.019 
0.016 
0.0031 

10 
5.7 
1.1 

-0.94 
-1.19 
-1.91 

D 
D 
D 

Is 
Is 
Is 

0.0015 0.0059 4.0 -1.23 D 1 

0.0014 
0.0015 
1.5 XlO"4 

0.0059 
0.0048 
9.9 XlO"4 

2.4 
1.3 
0.27 

-1.45 
-1.72 
-2.40 

D 
D 
D 

Is 
Is 
Is 

9.2 XlO"4 0.0027 1.6 -1.57 D 1 

8.3 XlO-4 

y.ixio-4 

9.5 XlO-3 

0.0027 
0.0022 
4.6 X 1()-4 

0.96 
0.53 
0.11 

-1.79 
-2.06 
-2.74 

D 
D 
D 

Is 
Is 
Is 

6.0 XlO-4 0.0015 0.82 -1.82 D 1 

5.4 x I0-4 

6.0 XlO"4 

6.1X10":> 

0.0015 
0.0012 
2.5 x 10-4 

0.49 
0.27 
0.055 

-2.05 
-2.32 
-3.00 

D 
D 
D 

Is 
Is 
Is 

4.2 XlO4 9.5 X 1()-4 0.49 -2.02 D 1 

3.7 XlO"4 

4.1  -10-4 

4.3xl0-r> 

9.3 X 10-4 

7.7 X 10-4 

1.6 X 10-4 

0.29 
0.16 
0.033 

-2.25 
-2.51 
-3.19 

D 
D 
D 

Is 
Is 
Is 

3.1 XlO4 6.4 x lO4 0.32 -2.19 D 1 

2.7X10 4 

3.2 x 10-' 
3.0 x 10> 

6.3 X 1()-» 
5.5 x 104 

1.0 x io-4 

0.19 
0.11 
0.021 

-2.42 
-2.66 
-3.40 

D 
D 
D 

Is 
Is 
Is 

2.3 XlO4 4.6 x 10- ■■ 0.22 -2.34 D 1 

2.1 x 10-" 
2.3 x 10-4 

2.3 x 10» 

4.6 x 10 4 

3.8 x lO4 

7.6 x !'.:•• 

0.13 
0.075 
0.015 

-2.56 
-2.82 
-3.52 

D 
D 
D 

As 
As- 
As 

8.9 X lO"4 0.35 1600 0.54 D 1 



Kl.    Allowed Transitions — Continued 

No. Transition Multiplet A(A) Ki(i-m-i) /••<■( cm-1» m Pk •/A,(!0« ft» .S'lat.u.) l»u«/ Accu- Source 
\rray 

3 im 10 

sec-') 

0.40 410 

racy 

D 1 52 4,/-5/ *D-*F° 27397.4 30605.6 14 0.020 0.60 

53 4,1-6/ *D-*F° 21945 27397.4 31953.0 10 14 0.014 0.14 100 0.15 D 1 

54 4</-7/ 2D-*F° 18627 27397.4 32764.5 10 14 0.0088 0.064 39 -0.19 D 1 

55 4r/-8/ -D--F0 16961 27397.4 33291.0 10 14 0.0060 0.036 20 -0.44 D 1 

56 4</-y/ -'D--'F° 15984 27397.4 33652.0 10 14 0.0043 0.023 12 -0.64 D 1 

57 5s-.ty oS_2p0 27114 21026.8 24713.9 2 6 0.045 1.5 270 0.48 D 1 

[27068] 
[27206] 

21026.8 
21026.8 

24720.2 
24701.4 

2 
2 

4 
2 

0.046 
0.045 

1.0 
0.50 

180 
90 

0.30 
0.00 

D 
D 

Is 
Is 

58 5s—6/J 2S_L-po 12531 21026.8 29004.9 2 6 0.0045 0.032 2.6 -1.20 D 1 

[12526] 
|12540] 

21026.8 
21026.8 

29007.7 
28999.3 

2 
2 

4 
2 

0.0045 
0.0045 

0.021 
0.011 

1.7 
0.87 

-1.38 
-1.68 

Ü 
D 

Is 
Is 

59 5s-7/< ,S_,po 9951.3 21026.8 31073.0 2 6 0.0014 0.0060 0.39 -1.92 D 1 

[9950-5] 
[9955.2] 

21026.8 
21026.8 

31074.5 
31070.0 

2 
2 

4 
2 

0.0014 
0.0014 

0.0040 
0.0020 

0.26 
0.13 

-2.10 
-2.40 

D 
D 

Is 
Is 

60 5s-8/) ■,S_,r 8924.4 21026.8 32229.0 2 6 5.9X10J 0.0021 0.13 -2.37 D 1 

[8923.5] 
[8925.6] 

21026.8 
21026.8 

32230.1 
32227.4 

2 
2 

4 
2 

5.9 x 104 

5.9 X10"4 
0.0014 
7.1 x 10-4 

0.083 
0.042 

-2.55 
-2.85 

D Is 
Is 

61 .is -9/> :,s_,po 8390.7 21026.8 32941.5 2 6 3.2 X10"4 0.0010 0.056 -2.69 D 1 

[8390.3] 
[8391.5] 

21026.8 
2)026.8 

32942.1 
32940.3 

2 
2 

4 
2 

3.2X10-» 
3.2 X10"4 

6.7 x 10-4 

3.3 X 10"» 
0.037 
0.019 

-2.87 
-3.17 

D 
D 

Is 
Is 

62 5s-10/» 2g_»po 8072.5 21026.8 33411.1 2 6 1.9 X10-4 5.7X10-" 0.030 -2.94 L 1 
1 

63 5s-11/) äS_spo 7865.5 21026.8 33737.1 2 6 1.3 x 10-4 3.5 x |0-4 0.018 -3.15 D 1 

64 5s-12/> 2S-up« 7722.3 21026.8 33972.7 2 6 8.9xl0:> 2.4X10"» 0.012 -3.32 D 1 

65 5s-13/* ■■S--P0 7618.9 21026.8 34148.5 2 6 6.5 x 10 "' 1.7x10-» 0.0085 -3.47 D 1 

66 5s — 14/) »S-2P° 7541.5 "'026.8 34283.1 2 6 4.9 x 10 > 1.3 X 10 4 0.0063 -3.60 D 1 

67 5/> — 6s 2po_,.S 36529 ■3.9 27450.7 6 2 0.048 0.32 230 0.28 D 1 

[36613] 
[36363] 

24720.2 
24701.4 

27450.7 
27450.7 

4 
2 

2 
2 

0.032 
0.016 

0.32 
0.32 

150 
77 

0.11 
- 0.19 

D 
Ü Is 

68 5/»—7s 2po_2g 17979 24713.9 30274.3 6 2 0.017 0.027 9.6 -0.79 1) 1 

[18000] 
[17939] 

24720.2 
24701.4 

30274.3 
30274.3 

4 
2 

2 
2 

0.011 
0.0056 

0.02; 
0.027 

6.4 
3.2 

-0.97 
-1.27 

I) 
I) 

Is 
Is 

6<> 5.» -8s 2p»_2g 14178 24713.9 31765.0 6 2 0.0087 0.0087 2.4 -1.28 1) 1 
1 

[14191] 
[14153] 

24720.2 
24701.4 

31765.0 
31765.0 

4 
2 

2 
2 

0.0058 
0.0029 

0.0087 
0.0087 

1.6 
0.81 

-1.4/1 
-1.76 

1) 
I) Is 

70 5/> -9s Spo_2S 12600 24713.9 32648.2 6 2 0.0052 0.0041 1.0 -1.61 I) 1 

[12610] 
[12580] 

24720.2 
24701.4 

32648.2 
32648.2 I 

2 
2 

0.0034 
|0.()0I7 

0.0041 
0.0041 

0.68 
0.34 

- 1.79 
-2.09 

1) 
1) 

Is 
Is 
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K I.  Allowed Transitions — Continued 

Nn. Transition   | 
Array 

Multiple! 

71 5p-10s apo_4g 

72 5p-lls *po_*S 

73 5p-12* *po_»g 

74 5p-13s JP0_2S 

75 5p-4d «P6_.«D 

76 5p-5d ap»_üD 

77 5p-6rf ip»_«D 

78 5p-7rf 2po_2D 

79 5p-8tf 2P°_2D 

80 5/i-W 2p>_2D 

81 5/j-HW «P°-2D 

82 5p-lh/ *P"_*D 

MÄ) 

11761 

[11770] 
[11744] 

11253 

11261] 
11237] 

10919 

[10927] 
[10904] 

10686 

[10693] 
[10672] 

37255 

37348 
37072 
37333 

mn 
18298 
18229 
18292 

14319 

[14332 
[14293 
[14332] 

12679 

[12690 
[12659' 
[12690 

11811 

[11820 
11793 

[11820 

11286 

[11294 
[11270 
[11294; 

10940 

10948 
10925 
10948 

10700 

[10707 
[10686 
[10707 

ß,(cm') 

24713.9 

24720.2 
24701.4 

24713.9 

24720.2 
24701.4 

24713.9 

24720.2 
24701.4 

24713.9 

24720.2 
24701.4 

24713.9 

24720.2 
24701.4 
24720.2 

24713.9 

24720.2 
24701.4 
24720.2 

24713.9 

24720.2 
24701.4 
24720.2 

24713.9 

24720.2 
24701.4 
24720.2 

24713.9 

24720.2 
24701.4 
24720.2 

24713.9 

24720.2 
24701.4 
24720.2 

24713.9 

24720.2 
24701.4 
24720.2 

24713.9 

24720.2 
24701.4 
24720.2 

ft*(cm ■) 

33214.4 

33214.4 
33214.4 

33598.2 

33598.2 
33598.2 

33869.7 

33869.7 
33869.7 

34069.3 

34069.3 
34069.3 

27397.4 

27397.0 
27398.1 
27398.1 

30185.4 

30185.2 
30185.7 
30185.7 

31695.6 

31695.5 
31695.8 
31695.8 

32598.5 

32598.5 
32598.5 
32598.5 

33178.4 

33178.4 
33178.4 
33178.4 

33572.1 

33572.1 
33572.1 
33572.1 

33851.8 

33851.8 
33851.8 
33851.8 

34056.9 

34056.9 
34056.9 
34056.9 

lik Akl(W 
r,ec_1) 

0.0033 

0.0022 
0.0011 

0.0023 

0.0015 
7.7 xlO-4 

0.0016 

0.0011 
5.4 X 10-4 

0.0012 

7.7 x 10-4 

3.9 X10~» 

0.035 

0.034 
0.029 
0.0057 

9.3X104 

9.4 xlO4 

7.8 X10-1 

1.6 X10-* 

2.9 X 10-" 

2.9X10" 
2.4X10" 
4.8X10- 

1.2X10- 

1.2X10 
9.7X10- 
1.9X10 

1.7x10 

1.7x10- 
1.4X10- 
2.9X10- 

1.8X10- 

1.8x10- 
1.5X10- 
3.0x10- 

1.6X10- 

1.6X10- 
1.3 x 10- 
2.7x10- 

1.4x10- 

1.4X10- 
1.2x10- 
2.4x10- 

/» 

0.0023 

0.0023 
0.0023 

0.0015 

0.0015 
0.0015 

9.6 X 10-< 

9.6 x 10-4 

9.6 X10-4 

6.6 X10-4 

6.6 X10-4 

6.6 X!0"4 

1.2 

1.1 
1.2 
0.12 

0.0078 

0.0071 
0.0077 
7.9X10- 

1.5X10- 

1.3X10- 
1.5 x 10- 
1.5X10- 

4.6X10- 

4.2 x 10 
4.6 :< 10- 
4.6 x 10- 

6.0 x 10- 

5.4 x 10- 
6.0 x 10- 
6.0X10- 

5.7 x 10- 

5.1X10- 
5.7 x 10- 
5.7 x 10- 

4.8 x 10- 

4.3 X 10- 
4.8X10- 
4.8 x 10- 

4.1x10- 

3.7 x 10- 
4.1X10- 
4.1 x |0-i 

.Slat.u.) 

0.54 

0.36 
0.18 

0.33 

0.22 
0.11 

0.21 

0.14 
0.069 

0.14 

0.093 
0.046 

880 

530 
290 

59 

2.8 

1.7 
0.93 
0.19 

0.0042 

0.0025 
0.0014 
2.8 X10-4 

0.12 

0.070 
0.039 
0.0078 

0.14 

0.084 
0.047 
0.0093 

0.13 

0.076 
0.042 
0.0085 

0.10 

0.062 
0.035 
0.0069 

0.087 

0.052 
0.029 
().(X)58 

I'-ti«/ 

-1.85 

-2.03 
-2.33 

-2.06 

-2.23 
-2.53 

-2.24 

-2.42 
-2.72 

-2.40 

-2.58 
-2.88 

0.86 

0.64 
0.38 

-0.32 

-1.33 

-1.55 
-1.81 
-2.50 

-4.05 

-4.28 
-4.52 
-5.22 

-2.56 

-2.78 
-3.03 
-3.73 

-2.44 

-2.67 
-2.92 
-3.62 

-2.47 

-2.69 
-2.94 
-3.64 

-2.54 

-2.76 
-3.02 
-3.72 

-2.61 

-2.83 
-3.09 
-3.78 

Accu- 
racy 

.Source 

D 
D 

D 
D 

D 
D 

D 1 

Ü Is 
D Is 
D Is 

D 1 

D Is 
D Is 
D Is 

D- 1 

D- Is 
D- Is 
D- Is 

D 1 

D h 
D Is 
D Is 

D 1 

D Is 
D Is 
D Is 

P 1 

D Is 
D Is 
D Is 

D 1 

D Is 
D Is 
0 h 

D 1 

D Is 
L» Is 
1) Is 
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Km 

Ground State 

Ionization Potential 

Allowed Transitions 

List uf tabulated liner. 

46 eV = 369000 cm-' 

l              1 

Wavelength [Ä| No. Wavelength [A| No. Wavelength [Äj No. 

765.644 1 2992.24 3 3289.06 5 
778.528 1 3023.4 3322.40 2 

2550.02 4 3052.07 3 3358.5 2 
2635.11 4 3056.84 3 3364.22 6 
2689.90 4 3061.2 6 3420.82 2 

2877.4 3 3201.95 6 3421.83 5 
2938.45 3 3209.34 6 3448.0 2 
2954.3 3 3254.0 5 3468.32 2 
2986.20 3 3278.-9 2 3513.88 2 

Bagus [1| has calculated a value for one mnltiplet of this ion using the self-consistent field 
method; this number should be uncertain since the possibly important effects of configuration inter- 
action have been neglected entirely. For several other transitions the Coulomb approximation has 
been employed in order to have some data available for the more prominent lines in this spectrum. 
From the general success of this method and from comparisons with analogous transitions in other 
ions, uncertainties of 50 percent are expected; however these estimates should be regarded as 
provisional. 

Reference 

[I | Bagus. P. S., U.S. Atomic Energy Commission ANL-69S9U964). 

No. Transition 
Array 

3J*3/J»- 
3*3/»« 

3/>*4s- 

Multiple! 

*P°-*S 
(1 uv) 

-tp_*p° 
(1) 

<P-.«D° 
(2) 

(7 uv) 

Kill. Allowed Transition? 

A (A) 

769.89 

765.644 
778.528 

3375.2 

3322.40 
3420.82 
[3448.0] 
3278.79 
[3358.5] 
3468.32 
3513.88 

3005.1 

2992.24 
3052.07 
3056.84 
2938.45 
2986.20 

[3023.4 
[2877.4 
[2954.3" 

Kii 

721 

0 
2162 

208184 

207422 
208688 
209461 
207422 
208688 
208688 
209461 

208184 

207422 
208688 
209461 
207422 
208688 
209461 
207 »22 
208688 

A*( »■(cm-1) 

130609 

130609 
130609 

237803 

237512 
237912 
238455 
237912 
238455 
237512 
237912 

241451 

240830 
241444 
242165 
241444 
242165 
242527 
242165 
242527 

" 
A'i f-'k 

6 2 

4 2 
2 2 

12 12 

6 6 
4 4 
2 2 
6 4 
4 2 
4 6 
2 4 

12 20 

6 8 
4 6 
2 4 
6 6 
4 4 
2 2 
6 4 
4 2 

>w<10" 
sec"1) 

73 

50 
23 

1.8 

1.3 
0.23 
0.28 
0.86 
1.5 
0.^ 
0.65 

2.5 

2.5 
1.7 
1.0 
0.77 
1.3 
2.1 
0.14 
0.44 

0.22 

0.22 
0.21 

0.30 

0.21 
0.040 
0.050 
0.092 
0.13 
0.13 
0.24 

0.56 

0.45 
0.35 
0.28 
0.10 
0.18 
0.29 
0.012 
0.029 

.S'(at. ti.) 1»*«/' Accu- 
racy 

Source 

3.3 0.11 E 1 

2.2 -0.06 E Is 
1.1 -0.37 E Is 

40 0.56 D at 

14 0.10 D Is 
1.8 -0.80 E Is 
1.1 -1.00 E Is 
6.;> -0.26 D- Is 
5.6 -0.30 D- h 
5.9 -0.28 D- Is 
5.6 -0.32 D- Is 

67 0.83 D ra 

27 0.43 D Is 
14 0.15 D Is 
5.6 -0.25 D- Is 
5.8 -0.22 D- Is 
7.1 -0.14 D- Is 
■i.i -0.24 D- Is 
0.66 -1.15 E Is 
1.1 -0.94 E Is 
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K HI. Allowed Transitions — Continue d 

No. Transition 
Array 

M'iiiiplet X(A) E,(cm-') £*(cnr') fl fix 
sec"') 

fa S(at.u.) l»B«f Accu- 
racy 

Source 

4 sp_2D° 
(Buv) 

2600.5 208184 246626 12 4 3.8 0.13 13 0.19 D ra 

2.150.02 207422 246626 6 4 2.0 0.13 6.5 -0.11 D Is 
26;«. 1! 208688 246626 4 4 1.2 0.13 4.5 -0.28 D Is 
2689.90 209461 246626 2 4 0.6Ü 0.13 2.3 -0.59 D Is 

5 »P_»D° 
(4) 

.1129 A 213227 243252 6 10 1.9 0.53 35 0.50 D ra 

3289.06 212725 243121 4 6 2.0 0.49 21 0.29 1) Is 
3421.83 214232 243448 2 4 1.5 0.53 12 0.03 D Is 

[3254.0] 212725 243448 4 4 0.35 0.055 2.4 -0.66 E Is 

6 2P_2P° 
(5) 

3204.4 213227 244425 6 6 2.2 0.34 22 0.31 D ra 

3201.95 212725 243947 4 4 1.8 0.28 12 0.05 D Is 
3209..H 214232 245382 2 2 1.5 0.23 4.9 -0.34 D Is 

[3061.2] 212725 245382 4 2 0.88 0.062 2.5 -0.61 D- Is 
3364.22 214232 243947 2 

4 
0.32 0.11 2.4 -0.66 D- Is 

Km. 
Forbiddew Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, since 
the energy level difference is accurately l.nown. 

Reference 
[1] Naqvi, A. M.. Thesis Harvard (1951). 

Kill. Forbidden Transitions 

No. 
Transition 

Array Multiple! MÄ) ft(cnr"J £*(cm-') Hi Pk 

Type of 
Transi- 

tion 
Am (sec-1) .S(ai.u.) 

Accu- 
racy Source 

1 3p'-3ps ür»_.!po 

[46240] 0 2162 4 2 »i 0.181 1.33 A 1 

Ground State 

Kiv 
b*2s'2pB3s*3pJ »P. 

234 

lonization Potential 

Allowed Transitions 

60.90 eV = 4y] 300 cm1 

A value is available for one multiple! of this ion from the screening-approximation calculations 
of Varsavsky |1J. This result should be quite uncertain (probably too high, as judged from compari- 
sons in other ions), since the possibly important effects of configuration interaction have not been 
taken into account. 



Reference 

[lj Varsavsky. C. M.. Astrophy». J. Suppl. Sir. 6, No. 53. 75 (1961). 

K IV. Allowed Transitions 

No. Transition 
Array 

Multiple! wAi E,U-m ') £»<c'nr'> ft ft AuiWaec ') 
/«■ 

Slat.u.) Wgf Accu- 
racy 

Source 

1 3s23p<- 
353/^= 

.ip_3p> 74.5.66 816 1M926 9 9 87 0.72 16 0.81 E 1 

745.?6 0 134181 5 5 64 0.53 6.5 0.42 E Is 
746.35 1673 135659 3 3 21 0.18 1.3 -0.27 E Is 
737.14 0 135659 5 3 37 0.18 2.2 -0.05 E Is 
741.95 3673 136453 3 1 84 0.23 1.7 -0.18 E Is 
754.67 1673 134181 3 5 21 0.30 2.2 -0.05 E Is 

[749.99} 2324 135659 1 3 27 0.69 1.7 -0.16 E Is 

Kiv 

Forbidden Transitions 

As in the case of Na IV the adopted values are taken from Naqvi [1], and Malville and Berger 
[21. For a discussion on the selection of vdues see Na IV, since the same criteria have been applied. 

References 

[I] Ngqvi. A. M.. Thesis Harvard (1951). 
|2| Malville. J. M. and Berger, R. A., Planetary and Space Science 13, 1131 (1965). 

K IV.    Forbidden Transitions 

No. 
Transition 

Array Multipl'-f AIÄ) A';(cm-') £*<cm-') ft ft- 
Type of 
Transi- 

tion 
Am (sec"') SUt.u.) 

Accu- 
racy Source 

1 :V-.V .ip_!ip 

L59757 
t59757 
[43018 

[15 36x10«] 

0 
0 
0 

1673 

1673 
1673 
2324 
2324 

5 
5 
5 
3 

3 
3 
1 
1 

e 
m 
e 

m 

1.77X10 -« 
0.105 
1.22 X 10-» 
0.0148 

2.41 
2.49 
1.07 
1.99 

C- 
B 
C- 
B 

1.2 
1 
2 
1 

2 •ip_iD 
(IF) 

6101.83 
6' )IM 
6794.8 
6794.8 

[7110.4] 

0 
0 

1673 
1673 
2324 

16384 1 
16381.0 
16384.0 
16384.0 
16384.0 

5 
5 
3 
3 
1 

5 
5 
5 
5 
5 

e 
m 
e 

m 
e 

0.0032 
0.83 
2.6 x 10-« 
0.201 
6.0 X 10-» 

0.080 
0.0351 
0.011 
0.0117 
0.0032 

D- 
C 
D- 
C 
D- 

1.2 
1.2 
1.2 
1.2 

2 

3 'P-'S 
[2593.5] 
[2711.2] 

0 
1073 

38546 
38546 

5 
3 

1 
5 

e 
m 

0.086 
10.4 

0 0060 
0.1)077 

D- 
C 

2 
> 

4 'D-'S 
(2F) 

4510.9 16384.0 38546 5 1 e 3.9 4.34 c- 2 

308-022 0-69— 18 235 



Ground State 

Ionization Potential 

Kv 

Allowed Transitions 

1^2i*2fifl3fla3/j*4Sb 

82.6 eV 

A value is available for one multiplet of this ion from the screening-approximation calculations 
of Varsavsky [1|. This result should be quite uncertain (probably too high, as judged from compari- 
sons in other ions), since the possibly important effects of configuration interaction have not been 
taken into account. 

Reference 

[1] Varsavsk,, C. M.. Astrophys. J. Suppl. Ser. 6, No. 53. 75 (1961). 

K V. Allowed Transitions 

No. Transition 
Array 

Multiplet MÄ) £i(cm -') £*(cnr') « Mk 4*i<10» 
sec-1) 

fa .S'lat.u.) •ogfi/" Accu- 
racv 

Source 

1 3i23p3-3i3p4 
<S°-4P 727.44 

731.86 
724.42 

[720.43 

0 

0 
0 
0 

. 

137468 

136639 
138042 
138806 

4 

4 
4 
4 

12 

6 
4 
2 

40 

40 
4! 
41 

0.% 

0.48 
0.32 
0.16 

9.2 

4.6 
3.1 
1.5 

0.58 

0.28 
0 11 

-0.19 

E 

E 
E 
E 

1 

Is 
Is 
Is 

Kv 

Forbidden Transitions 

For this ion all the values have been taken from Carstang [1| who has applied refined methods 
for calculating the magnetic dipole and electric quadrupole line strengths. 

Reference 

|1| Garstang. R. H.. I.A.D. Symposium #34 on Planetary Nebulae held at Talranska Lomnica, Czechoslovakia. Sept. (1967). 
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Kv.:Forbidden Transitions 

i 

■ 

Transition 

■ 

Type of Accu- 
No. Array Multiplet X(A) £i(cm~') £*(cm-') ft Kk Transi- 

tion 
Aicdsec-') S(at.u.) racy Source 

1 Sp3-il>3 

(IF) 
4122.63 0 24249.5 4 6 m 0.0025 3.90 X 10s G 1 
4122.63 0 24249.5 4 6 e 0.0044 0.019 D 1 
4163.30 0 24012.7 4 4 m 0.109 0.00117 C 1 
4163.30 0 24012.7 4 4 e 0.0027 0.0080 D 1 

2 <S°_2p° 
2495.3 0 40064 4 4 m 6.5 0.0150 C 1 
2495.3 0 40064 4 4 e 7.2 x 10-» 1.7 X10-5 D 1 
2515.3 0 39745 4 2 m 2.4 0.00283 C 1 
2515.3 0 39745 4 2 e 5.1xl0-< 6.1 x 10-5 D 1 

3 2D°-2D° 
[42.22 x 1(^1 
[42.22 X10<] 

24012.7 24249.5 4 6 m 1.43 x 10-* 2.40 A 1 
24012.7 24249.5 4 6 e 3.2 xlO-'2 0.15 D 1 

4 
(2F) 

6316.6 24249.5 40064 b 4 m 1.1 0.0411 C 1 
6316.6 24249.5 40064 6 4 e 0.36 8.6 C 1 
6349.5 24012.7 39745 4 2 m 1.2 0.0228 C 1 
6349.5 24012.7 39745 4 2 e 0.30 3.69 C 1 
6446.5 24249.5 39745 6 2 e 0.19 2.52 C 1 
6223.4 24012.7 40064 4 4 m 2.1 0.075 C 1 
6223.4 24012.7 40064 4 4 t 0.16 3.56 C 1 

5 2po_2p 
[31.3X10«] 39745 40064 2 4 m 2.91 x 10-< 1.33 B 1 
[31.3 X10<] 39745 40061 2 4 e 9.2 X10-'2 0.066 D 1 

Kvi 

Groui.d Stale h22s22/>fl3ss3/<23Po 

Innization Poteniial 

Allowed Transitions 

99.7 eV = 804513 cm-' 

A value is available for one multiplet of this ion from the screening-approximation calculations 
of Varsavsky |1|. This result should be quite uncertain (probably too high, as judged from compari- 
sons id oth<r i^ns). since the possibly important effects of configuration interaction have not been 
taken inio accoun'. 

Reference 

|1| Varsavsky. C. M.. Astn.phys. J. Suppl. Ser. 6. No. 53. 75 (1961). 
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Kvi.   Allowed Transitions 

No. Tnnsitiun 
Array 

Multiplct X(Ä) i ' ;m-') Et1 cm'1) & du ,41(10» 
sec"1) 

fa Slat.u.) | !<>?«/' Accu- 
racy' 

Source 

1 3s23//'-3s3/>3 3p_3[)° 720.13 2001 140865 9 15 35 0.46 9.8 0.62 E 1 

[724.42] 2924 140966 5 7 35 0.39 4.6, 0.29 E Is 

[716.00 1131 140796 3 5 28 0.35 2.5 0.02 E Is 

[710.51] 0 140743 1 3 21 0.47 1.1 -0.33 E Is 

725.31 2924 140796 5 5 8.7 0.069 0.82 -0.46 E Is 

[716.27 1131 140743 3 3 15 0.12 0.82 -0.44 E Is 

[725.59 2924 140743 5 3 0.97 0.0046 0.055 -1.64 E Is 

Kvi 

Forbidden Transitions 

As in the case of Na IV the adopted values are taken from Naqvi [1], and Malville and Ber- 
ger [2]. For a discussion on the selection of values see Na IV, since the same criteria have been 
applied. 

References 

[1] Niqvi, A. M., Thesis Harvard (1951). 
[2| Malville, J. M., and Berger, R. A., Planetary and Space Science 13, 113! (19Ö5). 

Kvi. Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet A(A) Ei(cm-') £*<cm-') » gk Transi- 

tion 
Akl{sec-') S(at.u.) racy Source 

1 3/>*-3p2 ap_3p 
88390 0 1131 1 3 m 0.0259 1.99 B 1 
34190 0 2924 1 5 e 5.4X10 « 0.75 C- 2 

[55760] 1131 2924 3 5 i     m 0.0772 2.48 B 1 
55760] 1131 2924 3 5 e 1.05 X10-« 1.68 C- 1.2 

2 3P-'D 
(IF) 

[5269.2] 0 18973 1 e L1XHM 0.0013 D- 2 
5603.2 1131 18973 3 m 0.54 0.0177 C 1,2 
5603.2 1131 18973 3 e 7.4 X MM 0.012 D- 1.2 
6229 3 2924 18973 5 m 1.17 0.052 C 1,2 
6229.3 2924 18973 5 5 " 0.0030 0.085 D- 1.2 

3 SP-'S 
[23671? 
[2471]? 

1131 [433741? 
[43374]? 

3 1 m 15.7 0.0077 C- 2 
2924 5 1 e «M4 0.0077 D- 2 

4 •D-'S 
(2F) 

4097? 18973 [43374]? 5 1 e 4.1 2.8 D- 2 
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I 
KVII 

Ground State J*22ä22p83ä23p 2P?i2 

Ionizatiun Potential 118 eV = 950200 cm- 

Allowed Transitions 

The screening-approximation calculations of Varsavsky [1] for the 3523p 2P°—3s3p2 2D multiplet 
are couiidered to be rather uncertain (probably too high, as judged from comparison» in other ions) 
since the important effects of configuration mixing are neglected entirely. Gruzdev and Prokofev [2] 
have carried out Coulomb approximation calculations modified with the Seaton correction for the 
3p2P°-4s2S multiplet; these results should be reliable to within 25 percent, as judged from plots 
depicting/-value dependence on nuclear charge. 

References 
[1| Varsavsky, C. M., Astrophys. J. Suppl. Ser. 6, No. 53, 75 (1961). 
[2| Gruzdev, P. F., and Prokofev, V. K., Optics and Spectroscopy (U.S.S.R.) 21, 151-152 (1966). 

K VII. Allowed Transitions 

No. Transition 
Array 

Multiplet y(A) £i(cm-') £*(cm-') Hi Af* 1 ^/(108 

sec'"'), 
A S(at,u.) iog/rf Accu- 

racy 
Source 

1 3s23,o-3s3/;2 2P°_*D 667.13 2086 151982 6 10 40 0.44 5.8 0.42 E 1 

671.50 
658.41 
672,26 

3129 
0 

3129 

152049 
151882 
151882 

4 
2 
4 

6 
4 
4 

39 
34 
6.5 

0.40 
0.44 
0.044 

3.5 
1.9 
0.39 

0.20 
-0.06 
-0.75 

E 
E 
E 

Is 
Is 
Is 

2 3p-('S)4s •2po_2S 228.72 2086 439297 6 2 325 0.085 0.384 -0.292 C 2 

[229.271 
[227.64] 

3129 
0 

439297 
439297 

4 
2 

2 
2 

216 
109 

0.085 
0.085 

0.257 
0.127 

-0.469 
-0.77 

C 
C 

Is 
Is 

Kvii 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1J. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

[1] Naqvi. A. M.. Thesis Har.ard (1951;. 

K VII.  Forbidden Transitio 

No. 
Transition 
•  Array Multiplet A(A) £i(cra"') f*(cm-') gi ft 

Type of 
Transi- 

tion 
^*,»2C->) S(at.u.) 

Accu- 
racy Source 

1 3/>-('S)3/) 2P°_2p 
[31950] 0 3129 2 4 m 0.275 1.33 A 1 
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KVIII 

Ground State 

Ionizav.ion Potential 

h;!2s22p«3s2 'S« 

155 eV = 1247000 cm"' 

Allowed Transitions 
The charge-expansion technique of Crossley and Dalgarno [1], which includes limited con- 

figuration mixing, has been employed for the majority of the transitions in this spectrum; while 
Gruzdev and Prokofev [2] have carried out Coulomb approximation calculations modified with 
the Scaton correction for the 3s3p3P°-3s4s3S multiplet. For many of these transitions, the de- 
pendence of oscillator strength on nuclear charge has serv nd as an aid in estimating accuracies. 

References 

[11 Crossley, R. J. S„ and Dalgarno, A., Proc. Roy. Soc. London A286, 510 (1965). 
[2] Gruzdev, P. F., and Prokofev, V. K.. Optics and SDeciroscopv 'U.S.S.R.) 21,151-152 (1966). 

K vill.   Allowed Transitions 

No. Transition 
Array 

Multiplet MA) Et{cm-') £*(cm-') ft Pk -4*1(10" 
sec"') 

fa 

T 

S(at. u.) 

I 

log«/" Accu- 
racy 

Source 

1 3jJ-3j(»S)3p 'S-'P° [519.37] 0 192540 1 3 94.0 1.14 1.95 0.057 B 1 

2 3j3p-3p* 3p->_ap 564.85 130274 307.il/.? 9 9 81 0.388 6.5 0.54 C + 1 

564.47 
565.12 
572.79 
569.51 
557.02 
561.59; 

131452 
129080 
131452 
12908C 
129080 
l?7y68 

308608 
306035 
306035 
304669 
308608 
306035 

5 
3 
5 
3 
3 
1 

5 
3 " 
3| 
l 
5 
3 

61 
20.2 
32.3 
79 
21.1 
27.5 

0.292 
0.097 
0.09.-3 
0.128 
0.164 
0.389 

2.71 
0.54 
0.90 
0.72 
0.90 
0.72 

0.164 
-0.54 
-0.323 
-0.416 
-0.308 
-0.410 

c+ 
c 
c 
c 
c 
c 

Is 
Is 
Is 
Is 
Is 
Is 

3 353p-3*(»S)3d ,ip»_3[) 420.51 130274 368082 9 15 116 0.511 6.37 0663 B 1 

422.51 
418.45' 
416.60 
422.64 
418.54 
;422.74' 

131452 
129080 
127968 
131452 
129080 
131452 

368132 
368060 
368004 
368060 
368004 
368004 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

114 
87.9 

.66.1 
28.5 
48.9 

3.2 

0.427 
0.385 
0.516 
0.0763 
0.128 
0.0051 

2.97 
1.59 
0.708 
0.531 
0.531 
0.035 

0.329 
0.063 

-0.287 
-0.419 
-0.416 
-1.59 

B 
B 
B 
B 
B 
D 

Is 
Is 
Is 
h 
Is 
Is 

4 'P°-'D [464] 192540 [408000] 1 5 160 0.87 4.0 0.42 D 1 

5 3j3p-3j(»S)4s 3po_3S 199.45 130274 631654 9 3 423 0.084 0.4% -0.121 C 2 

199.92 
198.98 

[198.54 

131452 
129080 
127968 

631654 
631654 
631654 

5 
3 
l 

3 
3 
3 

234 
142 
47.4 

0.084 
0.084 
0.084 

0.276 
0.165 
0.055 

-0.377 
-0.60 
-1.076 

C 
C 
C 

Is 
Is 
Is 

KVIII 

Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The results for the 3P°—3P° transi- 
tions are essentially independent of the choice of the interaction parameters. For the 3P°—'P° 
transitions, Naqvi uses empirical term intervals, i.e., the effects of configuration interaction should 
be partially included. 

Reference 

{1| Naqvi. A. M., Thetis Harvard (1951). 
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K VIII. Forbidden Transitions 

No. 
Transition 

Array Multiplet X(A) i'llcm-') Ek(cm-') ft ft 
Type of 
Transi- 

tion 
4*i(sec-') S(at.u.) 

Accu- 
racy Source 

1 3s3/;-3s(5S)3/' 3p°_.ip° 

[899001 
[42147] 

127968 
129080 

129080 
131452 

1 
3 

3 
5 

m 
m 

0.0247 
0.180 

2.00 
2.50 

V 
■■- 

2 apo_ipo 

1548.7 
1575.8 
1637.0 

127968 
129080 
131452 

192540     1 
192540 1   3 
192540     5 

3 
3 
3 

m 
m 
m 

3.51 
93 

3.71 

0.00145 
0.0404 
0.00181 

c 
c c 

l 
i 
l 

Ground State 

Ionization Potential 

Kix 

Allowed Transitions 

List of tabulated lines 

l**2sty*3s'Si;, 

175.94 eV = 1419425 cm"' 

Wavelength [A] No. Wavelength [A] No. Wavelength (A] No. 

131.65 
131.90 
145.73 
184.59 
185.88 

2 
2 
7 
4 
4 

260.05 
260.83 
451.01 
453.96 
459.50 

5 
5 

10 
10 
3 

621.4) 
636.40 

1273.4 
1294.6 
1297.2 

1 
1 
9 
9 
9 

205.83 
259.86 

6 
5 

466.95 
467.59 

3 
3 

1647.1 
1687.1 

8 
8 

The only source available for this ion are the charge-expansion calculations of Crossley and 
Ualgarno [1] which include limited configuration mixing. Graphical comparisons of this work 
with more refined values within the isoelectro. ic sequence indicate accuracies within 25 percent. 
A number of additional values have been obtained from studies of the /-value dependence on 
nuclear charge. The reliable material available for other ions oil this isoelectronic sequence in 
these cases permits the determination of reliable values simply by graphical interpolation. 

Reference 

(1| Crossley, R. J. S., and Dalgarno. A., Pror. Roy. Soc. London A286, 510-51C (1965). 
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KIX. Allowed Transitions 

No. Transition 
Array 

Multiplet X(Ä) A'i(cm -') £V(cm-') m Hk •/*,< 10" 
sec"1) 

/«• .S(ut.u.) 

0.033 

Accu- 
racy 

C 

Source 

1 35-3p lS_«po 629.29 0 159670 2 6 30.1 0.54 2.22 1 

[621.41] 
[636.40] 

0 
0 

160925 
157159 

2 
2 

4 
2 

31.2 
29.1 

0.362 
0.177 

1.48 
0.74 

-0.140 
-0.451 

C 
C 

Is 
Is 

2 35-4p »g _»p° 131.73 0 759135 2 6 180 0.14 0.12 -0.55 C intei-p 

[131.651 
[131.90] 

0 
0 

759615 
758174 

2 
2 

4 
2 

180 
180 

0.092 
0.046 

0.080 
0.040 

-0.74 
-1.04 

c 
c 

Is 
Is 

3 3p-3rf «p_«D 464.50 '59W0 374963 6 10 85 0.459 4.21 0.440 c 1 

466.95 
459.50 
467.59 

160925 
157159 
160925 

375080 
374788 
374788 

4 
2 
4 

6 
4 
4 

84 
73 
14 

0.411 
0.463 
0.046 

2.53 
1.40 
0.28 

0.216 
-0.033 
-0.74 

c 
c 
D 

Is 
Is 
Is 

4 3p—4i lp_2S 185.45 159670 698902 6 2 520 0.090 0.33 -0.27 C interp 

[185.881 
[184.59] 

160925 
157159 

698902 
698902 

4 
2 

2 
2 

350 
180 

0.090 
0.091 

0.22 
0.11 

-0.44 
-0.74 

C 
C 

Is 
Is 

5 3<f-4p «D-'I* 260.30 374963 759/.« 10 6 200 0.12 1.0 0.08 c interp 

[260.05 
260.83 

[259.86 

375080 
374788 
374788 

759615 
758174 
759615 

6 
4 
4 

4 
2 
4 

170 
190 

19 

0.12 
0.096 
0.020 

0.60 
0.33 
0.067 

-0.14 
-0.42 
-1.10 

c 
c 
D 

Is 
Is 
Is 

6 3rf-4/ *D~'F° 205.8.? 374963 860808 10 14 1000 0.92 6.2 0.96 C + interp 

7 3d—5/ 2D-2P 145.73 374963 1061150 10 14 380 0.17 0.82 0.23 C interp 

n 
O 45—4p 2S_2po 1660.2 698902 759135 2 6 6.2 0.77 8.4 0.19 C interp 

[1647.11 
[1687.1] 

698902 
698902 

759615 
758174 

2 
2 

4 
2 

6.3 
5.9 

0.52 
0.25 

5.6 
2.8 

0.02 
-0.30 

C 
C 

Is 
Is 

9 4p-4<f ^r-^D 1287.6 759135 836798 6 10 21 0.86 22 0.71 c interp 

[1294.6 
[1273.4 
[1297.2 

759615 
758174 
759615 

836861 
836703 
836703 

4 
2 
4 

6 
4 
4 

20 
18 
3.5 

0.76 
0.87 
0.088 

13 
7.3 
1.5 

0.48 
0.24 

-0.45 

c 
c 
D 

Is 
Is 
Is 

10 4p--5s 2po_2j- 452.97 759135 979901 6 2 150 0.15 1.3 -0.05 c interp 

[453.96] 
[451.01] 

759615 
758174 

979901 
979901 

4 
2 

2 
2 

% 
50 

0.15 
0.15 

0.89 
0.45 

-0.22 
-0.52 

c 
c 

Is 
Is 

Ground State 

Ionizatiun Potential 

Kx 

Allowed Transitions 

15*21*2/*" 'S« 

503.8 eV = 4064300 cm-' 

Calculations by Kastner, Omidvar, and Underwood [lj, employing Hartree-Fock wave func- 
tions and including intermediate coupling, are available. Since the calculations are based on a 
single-configuration approximation only, uncertainties of up to 50 percent are expected for the 
strong lines and even higher uncertainties for the weak lines, the latter being more affected by 
assumptions about the coupling. 
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Reference 
[]| Kästner, S. O., Omidvar, K., and Inderwood, J. H., Astrophys. J. 148, 269-273 (1967). 

Kx. Allowed Transitions 

No. Transition 
Array 

Multiplet k(k) £i(cin-') £*(cm-') ft f* 
sec"1) 

fvt S(at.u,) logg/" AccU' 
racy 

Source 

1 2/>8- 
2/rYPJ/2)3S 

'S-3P° 

[41.540] 0 2407300 1 3 770 0.060 0.0082 -1.22 E 1 

2 2/«- 
2p5(2Pf/2)35 

'S-'P° [41.147] 0 2430300 j 3 1600 0.12 0.016 -0.92 Ü 1 

3 2p«- 
2p!(2P?/2)3d 

'S-'P° 

[36.229] 0 2760200 1 3 110 0.0065 7.8 x 10-" -2.19 E 1 

4 2/>B- 
2/r>(2P?/2)3</ 

'S-'P° [35.779] 0 2794900 1 3 3.3X10« 1.9 0.22 0.28 D 1 

5 2/>6- 
2p*(2P?/2)3rf 

'S-3D° 

[35.307] 0 2832300 1 3 3900 0.22 0.026 -0.66 D 1 

Ground State 

Ionization Potential 

Kxi 

Forbidden Transitions 

h22ss2p»2P?/2 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, since 
the energy level difference is accurately knoivn. 

Reference 

| II Naqvi. A. M.. Thesis Harvard (1951). 

Kxi. Forbidden Transitions 

No, 
Transition 

Array Multiplet X(A) F;lcm-') E*(cm-') Si ft 
Type of 
Transi- 

tion 
Atiiaec1) S(at.u.) 

Accu- 
racy Source 

1 2p>-2ps jpo_ jpo 

[4256.4] 0 23475 4 2 m 231 1.33 A 1 
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KxiV 

Ground State 

Ionization Potential 

h22^2/>2:,P„ 

Forbidden Transitions 

Krueger and Czyzak's [1] values have been used for this ion, except for the magnetic dipole 
»Po.i—3P|,3 transitions where Naqvi's [2] results have been applied. Some wavelength data are 
from observed coronal lines. The electric quadrupole moment (sq) is based on self-consistent field 
wave functions with exchange. 

References 

[1] Kruetter, T. K., and Csyzak, S. J., Astrophys. J. 144, 1194-1202 (1966). 
[2| Naqvi, A. M., Thesis Harvard (1951). 

KxiV. Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet \(k) fc'dcm-1) £*(cm-') m to Transi- 

tion 
Aki(aec-') S(at.u.) racy Source 

1 2pl-2p* .ip_ap 
[74741 
[3545] 

0 '13380 l 3 m 42.2 1.96 B- 2 
0 28210 l 5 e 0.00222 0.00370 C- 1 

6740 [13380] 
[13380] 

28210 3 5 m 42.1 2.39 B 2 
6740 [28210] 3 5 e 1.79X10-« 0.0074 C 1 

3P-'D 
1033 0 9f,810 1 5 e 0.0051 1.8X10-5 D- 1 
1199 13380 '96810 3 5 m 412 0.131 C 1 
1199 13380 96810 3 5 e 0.056 4.2 X 10-" ö 1 
1458 28210 96810 5 5 m 650 0.373 C 1 

[1458; [28210] [96810] 5 5 e 0.14 0.0028 D 1 

3P-'S 
[625.3] 
[689.2] 

[13380] [173310] 
[173310] 

3 1 m 5200 0.0469 C 1 
[28210] 5 1 e 3.5 3.2 xlO"4 D 1 

■D-'S 
[1307] [96810] [173310] 5 1 e 5.9 0.013 D 1 
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Ground State 

Ionization Potential 

i 

CALCIUM 

Ca I 

ls*2«,2p^iJ3pM«* 'So 

6.11 eV = 49305.72 cm-' 

Allowed Transitions 

List of tabulated lines: 

Wavelength [Ä] No. Wavelength [Ä] No. Wavelength [Ä] No. 

2150.80 29 3630.97 32 4585.96 1 
2200.73 28 3644.41 32 4586.1 1 
2275.46 14 3644.77 32 4685.27 36 
2398.56 27 3644.99 32 4878.13 2 
2541.40 13 3673.42 11 5041.62 7 

2617.66 12 3675.29 11 5188.85 33 
2721.65 26 3678.21 11 5260.39 24 
2994.% 15 3748.35 10 5261.71 24 
2997.31 15 3750.29 10 5262.24 24 
2999.64 15 3753.34 10 5264.24 24 

3000.86 15 3870.48 8 5265.56 24 
3006.86 15 3872.54 8 5270.27 24 
3009.21 15 3872.56 8 5512.98 20 
3102.35 42 3875.78 8 5581.97 23 
3107.39 42 3875.8 8 5588.76 23 

3117.65 42 3875.80 8 5590.12 23 
3136.02 40 3948.90 34 5594.47 23 
3140.79 40 3957.05 34 5598.49 23 
3141.16 40 3973.71 34 5601.29 23 
3150.75 40 4092.63 5 5602.85 23 

3151.27 40 4094.93 5 5857.45 19 
3151.64 40 4094.96 5 6102.72 31 
3164.60 41 4098.53 5 6122.22 31 
3169.84 41 4098.57 5 6156.02 3 
3180.52 41 4098.6 5 6161.29 3 

3209.96 38 4108.53 9 6162.17 31 
3215.17 38 4226.73 17 6163.76 3 
3215.34 38 4283.01 18 6166.44 3 
3225.90 38 4289.36 18 6169.06 3 
3226.15 38 4298.99 18 6169.56 3 

3226.32 38 4302.53 18 6439.07 21 
3269.08 39 4307.74 18 6449.81 22 
3274.67 39 4318.65 18 6455.60 22 
3286.07 39 4355.08 6 6462.57 21 
3344.51 35 4425.44 30 6471.66 21 

3350.21 35 4434.96 30 6493.78 21 
3350.36 35 4435.69 30 6499.65 21 
3361.92 35 4454.78 30 6508.85 21 
3362.14 35 4455.89 30 6572.78 16 
3362.28 35 4456.61 30 6717.69 4 

3468.48 37 4526.94 25 
3474.76 37 4578.55 1 
3487.60 37 4581.40 1 
3624.11 32 4581.47 1 
3630.75 32 4585.87 1 
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Cal 

For this spectrum we have exclusively used experimental material since even recent theoret- 
ical efforts [10, 11] have not provided a consistent set of data. The /-value for the resonance line 
has been taken from three lifetime experiments, namely the Hanle effect measurements of Lurio, 
de Zafra, and Goshen [6], as well as Smith and Gallagher [7], and the phase-shift measurements 
of Hulpke, Paul, and Paul [8]. The very close agreement of the three results suggests the aver- 
aged value should be uncertain by no more than 10 percent. Another lifetime result, this one by 
Karstensen and Schramm [12], using delayed coincidence techniques for the 4/'P level, allows 
a determination of the transition probability for the M 'D—4/'P line, but in a less direct manner, 
since the contribution of the Id 'D-4/'P line had to be estimated via a Bates-Damgaard cal- 
culation ard subtracted. Fairly precise relative oscillator strengths are available for a few lines 
from the anomalous dispersion experiments of Filippov and Kremenevsky [3], Prokof 'ev [5], and 
Shabanova [9] and for a larger number of lines from the work of Ostrovskii and Penkin [4]. The 
relative values are normalized to the value chosen for the resonance line. Further data could be 
taken from an emission experiment with a stabilized arc by Köstlin [2] and an absorption experi- 
ment by Olsen, Routly, and King [1]. The relative values of Olsen et al. have been normalized to 
Ostrovskii and Penkin's value for the 4289 Ä line which in turn has been normalized to the above 
adopted value for the resonance line. (This simple normalization procedure leads here to the same 
result as a least-squares fit between the overlapping data of Olsen et al. and Ostrovskii and Penkin.) 
A detailed comparison of the data of Olsen et al. with all other available material indicates a wave- 
length dependence of Olsen's data for wavelengths greater than 4600 A; hence, these values have 
not been used for these wavelengths except where no other source is available. 
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Ca 1. Allowed Tran sitions 

No. Transition 
Array 

Multiple! x(A) filcm-'l £*(cnr') tti Pk /U10" 
sec-1) 

fa .Slal.u.) I«*«/" Accu- 
racy 

Source 

1 4i3d-45(*S)4/ »D-3P 
(23) 

4582.7 20356 42171 15 21 0.226 0.099 22.5 0.172 (J In,2 

4585.87 20371 42171 7 9 0.229 0.093 9.8 -0.186 C \n.ls 
4581.40 20349 42171 5 7 0.209 0.092 6.9 -0.337 C \n.ls 
4578.55 20335 42170 3 5 0.176 0.092 4.16 -0.56 C ln./s 
4535.96 20371 42171 7 7 0.025 0.0079 0M -1.26 D Is 
4581.47 20349 42170 5 5 0.035 0.011 0.83 -1.26 n Is 

[4586.1] 20371 42170 7 5 9.8x10"« 2.2X10-4 0.023 -2.81 E Is 

2 •D-'P 
(35) 

4878.13 21850 42344 5 7 0.188 0.094 7.5 -0.328 C 12 

3 4*3d-4i(*S)5p »D-'P0 

(20) 
6167.7 20356 36565 15 9 0.22 0.076 23 0.06 D 2 

6169.56 20371 36575 7 5 0.19 0.076 11 -0.27 D /s 
6169.06 20349 3b555 5 3 0.17 0.057 5.8 -0.55 D Is 
6166.44 20335 36548 3 1 0.22 0.042 2.6 -0.90 D- Is 
6161.29 20349 36575 5 5 0.033 0.019 1.9 -1.02 D- Is 
6163.76 20335 36555 3 3 0.056 0.032 1.9 -1.02 D- Is 
6156.02 20335 36575 3 5 0.0023 0.0021 0.13 -2.20 E Is 
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Cal.   Allowed Transitions—Continued 

10 

11 

12 

13 

14 

15 

Transition 
Array 

4s3d-<M*S)5/ 

4s3rf-45(2S)6/> 

4s3rf-4s(;!S)6/ 

4s3</-4s('S)7/ 

4s3rf-4$(2S)8/ 

4^-3rf(-'D)4// 

4s4p-3rf! 

Muliiplct 

'D-'P° 
(32) 

.irj _ ap 
(25) 

iD_.p 

(37) 

>D-'P° 
(34) 

irj_.ip 
(26) 

'D-'F0 

(39) 

»D_»p 
(27) 

3Q _ ,ipo 

(28) 

'S-'-'D0 

(3 uv) 

.S_:ipo 

(4 uv) 

iS_ip» 
(6 uv) 

:ip° _ ap 
(17) 

x(A) 

6717.69 

409o.O 

4098.53 
4094.93 
4092.63 
4098.57 
4094.96 

[4098.6] 

4355.08 

5041.62 

3873.5 

3875.78 
3872.54 
3870.48 
3875.80 
3872.56 

[3875.8] 

4108.53 

3751.3 

3753.34 
3750.29 
3748.35 
3753.34 
3750.29 
3753.34 

3676.2 

3678.21 
3675.29 
3673.42 
3678.21 
3675.29 
3678.21 

2617.66 

2541.40 

2275.46 

3003.2 

3006.86 
2999.64 
3009.21 
3000.86 
2997.31 
2994.96 

Eiivm~ 

21850 

20356 

20371 
20349 
20335 
20371 
20349 
20371 

21850 

21850 

20356 

20371 
20349 
20335 
20371 
20349 
20371 

21850 

20.956 

20371 
20349 
20335 
20371 
20349 
20371 

2fl.?56 

20371 
20349 
20335 
20371 
20349 
20371 

0 

0 

15263 

15316 
15210 
15316 
15210 
15210 
15158 

A\(<m-') 

36732 

447Ö3 

44763 
44763 
44763 
44763 
44763 
44763 

44805 

41679 

46165 

46165 
46165 
46165 
46165 
46165 
46165 

46182 

47006 

47006 
47006 
47006 
47006 
47006 
47006 

47550 

47550 
47550 
47550 
47550 
47550 
47550 

38192 

39335 

43933 

48.55/ 

48564 
48538 
48538 
48524 
48564 
48538 

Hi A 

21 

9 
7 
5 
7 
5 
5 

21 

9 
7 
5 
7 
5 
5 

21 

9 
7 
5 
7 
5 
5 

21 

9 
7 
5 
7 
5 
5 

fA/dO» Jlk .S'(al.u.) l«.p«/ Accu- Source 
sec-') racy 

0.12 0.049 5.4 -0.61 E l/i 

0.13 0.046 9.3 -0.16 D In 

0.13 
0.12 
0.11 
0.015 
0.021 
5.8 x 10-« 

0.041 
0.041 
0.048 
0.037 
0.0052 
l.OxlO4 

3.9 
2.8 
1.9 
0.35 
0.35 
0.0098 

-0.54 
-0.69 
-0.84 
-1.59 
-1.59 
-3.15 

D 
D 
D 
D- 
D- 
E 

In 
In 
In 
/5 
Is 
Is 

0.19 0.074 5.3 -0.43 D In 

0.33 0.076 6.3 -0.42 D 2 

0.075 0.024 4.5 -0.44 D In 

0.079 
0.054 
0.072 
0.0089 
0.0098 
3.5 X10-* 

0.023 
0.017 
0.027 
0.0020 
0.0022 
5.7 X10-5 

2.1 
1.1 
1.0 
0.18 
0.14 
0.0051 

-0.79 
-1.07 
-1.09 
-1.85 
-1.96 
-3.40 

D 
D 
D 
D- 
D- 
E 

ln,/s 
ln,/s 

In 
\njs 
In, Is 
In, Is 

0.90 0.32 22 0.20 Ü In 

0.040 0.0)2 2.2 -0.74 D \n 

0.041 
0.034 
0.034 
0.0044 
0.0062 
1.7X10-* 

0.011 
0.010 
0.012 
9.3 X10-4 

0.0013 
2.6 X10-1 

0.95 
0.62 
0.44 
0.080 
0.080 
0.0022 

-1.11 
-1.30 
-1.44 
-2.19 
-2.19 
-3.74 

D 
D 
D 
D- 
D- 
E 

In, Is 
In, Is 
\n,ts 
\n,Is 
\n,ls 
\n,ls 

0.025 0.0072 1.3 -0.97 D In 

0.023 
0.022 
0.022 
0.0026 
0.0038 
1.0x10-' 

0.0061 
0.0062 
0.0075 
5.3 X10-4 

7.7 x\0-* 
1.5 x 10-» 

0.52 
0.38 
0.27 
0.045 
0.047 
0.0013 

-1.37 
-1.51 
-1.65 
-2.43 
-2.41 
-3.98 

D 
D 
D 
D- 
D- 
E 

ln,/s 
\n,ls 

In 
In, It 
\n,ls 
In, Is 

1.6X10* 5.0 x 10-» 4.3x10« -4.30 D- 3n 

1.7x10' 5.0 xlO-5 4.2 xlO4 -4.30 D- 3n 

0.301 0.070 0.52 -1.155 C + 3n, 4n 

1.08 0.146 13.0 0.119 C In.2 

0.75 
0.279 
0.430 
1.58 
0.241 
0.367 

0.101 
0.0376 
0.0350 
0.071 
0.054 
0.148 

5.0 
1.11 
1.73 
2.10 
1.60 
1.46 

-0.297 
-0.95 
-0.76 
-0.67 
-0.79 
-0.83 

C 
c 
c 
c 
c 
c 

ln,/s 
ln./s 
\n.ls 
\n.ls 
\n,ls 
\n,ls 

247 

"«-'■*"■ 



T»—■^^■»»^IPII—mi'» im 

Ca I. Allowed Transitions—Continued 

No. Transition 
Array 

Multiplet A(A) £,(«•«!-') £*(cm-') m «t .4*i(10" 
sec"1) 

fa S(at. u.; log /if Accu- 
racy 

Source 

16 4s*-4i(*S)4p 'S-3P° 
(1) 

6572.78 0 15210 1 3 2.6 X 10-» 5.1X10 -» 0.0011 -4.29 D + 4n,5n 

17 •S-'P" 
(2) 

4226.73 0 23652 1 3 2.18 1.75 24.4 0.243 B + 6,7,8 

18 4*4p—4p2 3po_3p 

(5) 
4300.8 

4302.53 

15263 

15316 

38508 

38552 

9 

5 

9 

5 

1.81 

1.36 

0.50 

0.377 

64 

26.7 

0.65 

0.275 

C + 

C + 

In.2, 
4n 

ln,4n. 
Is 

ln,4n. 
Is 

ln,4n. 
Is 

ln,4n. 
Is 

ln,4n. 
Is 

ln,4n. 
Is 

4298.99 15210 38465 3 3 0.466 0.129 5.5 -0.412 c + 

4318.65 15316 38465 5 3 0.74 0 124 8.8 -0.208 c + 

4307.74 15210 38418 3 1 1.99 0.185 7.9 -0.256 c + 

4283.01 15210 38552 3 5 0.434 0.199 8.4 -0.224 c+ 

4289.36 15158 38465 1 3 0.60 0.498 7.0 -0.303 c + 

19 "P°-'D 
(47) 

5857.45 23652 40720 3 5 0.66 0.57 33 0.23 p 2 

20 tpo_lS 

(48) 
5512.98 23652 41786 3 1 1.1 0.17 9.3 -0.29 E In 

21 4s3d-3d(JD)4p' •D-»F° 
(18) 

6460.3 

6439.07 
6462.57 
6493.78 
6471.66 
6499.65 
6508.a5 

20356 

20371 
20349 
20335 
20371 
20349 
20371 

3583/ 

35897 
35819 
35730 
35819 
35730 
35730 

15 

7 
5 
3 
7 
5 
7 

21 

9 
7 
5 
7 
5 
5 

0.54 

0.53 
0.47 
0.44 
0.059 
0.081 
00024 

0.47 

0.42 
0.41 
0.46 
0.037 
0.051 
0.0011 

150 

62 
44 
30 

5.5 
5.5 
0.16 

0.85 

0.47 
0.31 
0.14 

-0.59 
-0.59 
-2.11 

D 

D 
D 
D 
D- 
D- 
E 

2 

Is 
Is 
Is 
Is 
Is 
Is 

22 »D-'D° 
(19) 

6455.60 
6449.81 

20349 
20335 

35835 
35835 

5 
3 

5 
5 

0.014 
0.090 

0.0090 
0.094 

0.96 
6.0 

-1.35 
-0.55 

E 
D 

In 
2 

23 »D-»D° 
(21) 

5592.5 

5588.76 
5594.47 
5598.49 
5601.29 
5602.85 
5581.97 
5590.12 

20356 

20371 
20349 
20335 
20371 
20349 
2034» 
20335 

38232 

38259 
38219 
38192 
38219 
J8192 
38259 
38219 

15 

7 
5 
3 
7 
5 
5 
3 

15 

5 
3 
5 
3 
7 
5 

0.56 

0.49 
0.38 
0.43 
0.086 
0.1.4 
0.060 
0.083 

0.26 

0.23 
0.18 
0.20 
0.029 
0.040 
0.039 
0.065 

73 

30 
17 
11 
3.7 
3.7 
3.6 
3.6 

0.59 

0.21 
-0.05 
-0.22 
-0.69 
-0.70 
-0.71 
-0.71 

D 

D 
D 
D 
D- 
D- 
D- 
D- 

2 

Is 
Is 
Is 
Is 
Is 
Is 
Is 

24 3[)_.1p° 

(22) 
5266.7 

5270.27 
5265.56 
5262.24 
5264.24 
5261.71 
5260.39 

20.356 

20371 
20349 
20335 
20349 
20335 
20335 

39338 

39340 
39335 
39333 
39340 
39335 
39340 

15 

7 
5 
3 
5 
3 
3 

9 

5 
3 
1 
5 
3 
5 

0.60 

0.50 
0.44 
0.60 
0.091 
0.15 
0.0061 

0.15 

0.15 
0 11 
0.083 
0.C38 
0.062 
0.0042 

39 

18 
9.5 
4.3 
3.3 
3.2 
0.22 

0.35 

0.02 
-0.26 
-0.60 
-0.72 
-0.73 
-1.90 

D 

D 
D 
D- 
D- 
1)- 
E 

2 

Is 
Is 
Is 
Is 
Is 
Is 

25 ■D-'PC 

(36) 
4526.94 21R50 43933 5 3 0.41 0.075 5.6 -0.43 D \n 

26 4**-4s(«S)5p 15 — ip° 
(2 uv) 

2721.65 0 'io732 1 3 0.0027 9.0 x |0-< 0.0081 -3.05 D 3n 
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Ca I.  Allowed Transitions — Continued 

1   N' Transiiiim 
Array 

Multiple) X(A) £j(<ni-'] EitU-nr1) Mi Pk hi( 10" /» .S(ai. u.) 1-W Vcu 
racy 

-Source 

^n   

1    " 
4s4-4s(2S)6p Ig — ipo 

(5uv) 
2398.56 0 41679 1 3 0.167 0.0433 0.342 -1.364 C + 3n,4n 1    ■ 4s2-4s(2S)7/' 'S-'P° 

(7uv) 
2200.73 0 45425 1 3 0.153 0.0333 0.241 -1.478 C 9n 

1    29 
4*2-4i(2S)8/j Ig — ip» 

(8uv) 
2150.80 0 46480 1 3 0.061 0.0126 0.089 -1.90 c 9n 1   " 4s4//-4s(2S)4d ■ipo _ .Iß 

(4) 
4445.0 

4454.78 

Z526.3 

15316 

37754 

37757 

9 

5 

!5 

7 

0.85 

0.86 

0.418 

0.357 

55 

26.2 

0.58 

0.252 

c+ 
c+ 

In, 2, 
4n 

ln,4n. 

1 4434.% 15210 37752 3 5 0.63 0.312 13.7 j -0.029 c + 
Is 

In, 4n, 

1 4425.44 15158 37748 1 3 0.468 0.412 6.0 -0.385 c+ 
Is 

ln,4n, 

I 4455.89 15316 37752 5 5 0.208 0.062 4.55 -0.51 c+ 
Is 

In, 4n, 

1 i 4435.69 15210 37748 3 3 0.356 0.105 4.60 -0.50 c+ 
Is 

ln,4n, 

i 4456.61 15316 37748 5 3 0.0245 0.00437 0.321 -1.66 c+ 
ts 

ln,4n. 
Is 

2,4». 
,              31 4s4/>-4s(2S)5s 3p° _ 3§ 

(3) 
6141.9 15263 31539 9 3 0.66 0.125 22.8 0.051 c 
6162.17 
6122.22 
6102.72 

15316 
15210 
15158 

31539 
31539 
31539 

5 
3 
1 

3 
3 
3 

0.354 
0.231 
0.077 

0.121 
0.130 
0.129 

12.3 
7.9 
2.59 

-0.218 
-0.409 
-0.89 

c 
c 
c 

4n,/i 
in. Is 
An, Is 

32 
> 

4i4/j-4s|2S)5<f .ip° _ 3Q 
(9) 

36.37.6 15263 42746 9 15 0.370 0.122 13.2 0.041 c+ In. 2, 

i 
3644.41 15316 42747 5 7 0.355 0.099 5.9 -0.305 Cf 

An 
In,An, 

I 
3630.75 15210 42745 3 5 0.297 0.098 3.51 -0.53 c+ 

Is 
\n,An, 

3624.11 15158 42743 1 3 0.212 0.125 1.49 -0.90 c+ 
Is 

ln,4n. 
: 

3644.77 15316 42745 5 5 0.094 0.0188 1.13 -1.027 c+ 
Is 

ln,4n. 
3630.97 1.5210 42743 3 3 0.153 0.0302 1.08 -1,043 c+ 

/s 
In,An. 

3544.99 15316 42743 5 3 0.0095 0.00114 0.068 -2.244 c+ 
Is 

In, An, 
33 ■P°-'D 

(49) 
5188.0) 23652 42919 3 5 0.40 0.27 14 

p 
-0.09 D 

Is 
2 

34 4s4/)-4s(2S)6ä 3P°-'S 
(6) 

.3965.4 15263 40474 9 3 0.305 0.0240 2 82 -0.67 c ln,4n 
3973.71 
3957.05 
3948.90 

15316 
15210 
15158 

40474 
40474 
40474 

5 
3 
1 

3 
3 
3 

0.175 
0.098 
0.0334 

0.0248 
0.0231 
0.0234 

1.62 
0.90 
0.304 

-0.91 
-1.159 
-1.63 

c 
c 
c 

!n,4n 
In, An 
In. 4/i 

35 4*4/;-4s(2S)6r/ ipo_3D 
(11) 

3356,1 15263 45051 9 5 0.239 0.067 6.7 -0.220 c ln.4n 

' 
3361.92 
3350.21 
3344.51 
3362.14 
3350.36 
3362.28 

15316 
15210 
15158 
15316 
15210 
15316 

45052 
45050 
45049 
45050 
45049 
45049 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

0.223 
0.178 
0.151 
0.065 
0.111 
0.0059 

0.053 
0.050 
0.076 
0.0110 
00187 
6.0X10-' 

2.93 
1.65 
0.84 
0.61 
0.62 
0.0332 

-0.58 
-0.82 
-1.119 
-1.260 
-1.251 
-2.52 

c 
c 
c 
c 
c 
c 

ln,4n 
!n.4n 
ln,4n 
ln.4n 
ln.4n 

4n 
36 .po_.D 

(51) 
4685.27 23652 44990 3 5 0.080 0.044 2.0 -0.88 D 2 
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Ca i. Allowed Transitions—Continued 

No. Transition Multiple« MÄ) E,U'm-') £t(rnrM A'i Hk MIO» /» .S(ut.u.) Waf Accu- Source 
Array sec"1) 

0.85 

racy 

37 4s4p-4s(2S)7* 
(10) 

3481.1 75263 43981 9 3 0.14 0.0082 -1.13 D In 

3487.60 15316 43981 5 3 0.078 0.0085 0.49 -1.37 D In 
3474.76 15210 43981 3 3 0.046 0.00)13 0.28 -1.60 1) In 
3468.48 15158 43981 1 3 0.013 0.0071 0.08! -2.15 Ü In 

38 4*4p-4j(*S)7<7 >P°-»D 
(13) 

3220.5 75263 46305 9 15 0.15 0.040 3.8 -0.44 D In 

3225.90 15316 46306 5 7 0.16 0.035 1.9 -0.76 Ü In 
3215.17 15210 46304 3 5 0.11 0.02a 0.89 -1.08 Ü In 
3209.96 15158 46302 1 3 0.073 0.034 0.36 -1.47 Ü In 
3226.16 15316 46304 5 5 0.040 0.0062 0.33 -1.51 U In 
3215.34 15210 46302 3 3 0.051 0.0079 0.25 -1.63 U In 
3236.32 15316 46302 .5 3 0.0042 4.0X10« 0.021 -2.70 E Is 

39 4i4p-4i(JS)8i 3P-3S 
(12) 

32803 75263 45739 9 3 0.094 0.0050 0.49 -1.35 D In 

3286.07 15316 45739 5 3 0.053 0.0051 0.28 -1.59 D In 
3274.67 15210 45739 3 3 0.030 0.0048 0.16 -1.84 1) In 
3269.08 15158 45739 1 3 0.0094 0.0045 0.048 -2.35 Ü In 

40 4s4p-4i(*S)8d apo-srj 
(15) 

3/45.8 75263 47042 9 15 0.078 0.019 1 8 -0.77 D In 

3150.75 15316 47045 5 7 0.086 0.018 0.93 -1.05 D In 
3140.79 15210 47040 3 5 0.049 0.012 0.37 -1.44 U In 
3136.02 15158 47036 1 3 0.041 0.018 0.19 -1.74 D In 
3151.27 15316 47040 5 5 0.018 0.0027 0.14 -1.87 Ü In 
3141.16 15210 47036 3 3 0.030 0.0044 0.14 -1.88 D In 
3151.64 15316 47036 5 3 0.0022 1.9X10-« 0.010 -3.02 E Is 

41 444p-44CS)9s apo_3S 

(14) 
3175.2 75263 46748 9 3 0.055 0.0028 0.26 -1.60 D In 

3180.52 15316 46748 5 3 0.029 0.0026 0.14 -1.89 Ü In 
3169.84 15210 46748 3 3 0.020 0.0030 0.094 -2.05 l> In 
3164.60 15158 46748 1 3 0.0053 0.0024 0.025 -2.62 Ü In 

42 4J4P-4J(*S)10J 3po_ 3g 

(16) 
3112.5 75263 47382 9 3 0.034 0.0016 0.15 -1.84 D In 

3117.65 15316 47382 5 3 0.017 0.0015 0.077 -2.12 U In 
3107.39 15210 47382 3 3 0.010 0.0015 0.046 -2.35 D In 
3102.35 15158 47382 1 3 0.0062 0.0027 0.028 -2.57 Ü In 

Call 

Ground State 

Ionization Potential 

ls*5s22p83s43p64s2S,/2 

11.87 eV = 95748.0 cm-' 

Allowed Transitions 
List of tabulated lines: 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

1287.2 
1288.2 
1304.6 
1305.7 
1329.8 

10 
10 
9 
9 
8 

1330.9 
1368.4 
1369.5 
1433.1 
1434.3 

8 
7 
7 
6 
6 

1455.5 
1460.2 
1461.2 
1466.0 
1458.3 

28 
28 
27 
27 
26 
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Ca II. Allowed Transitions — Continued 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

1473.1 26 1814.6 18 4L20.13 32 
1477.3 25 1815.04 18 5001.49 34 
1482.1 25 1838.08 4 5019.98 34 
1488.8 24 1840.21 4 5021.14 34 
1493.7 24 1843.6 14 5285.34 31 

1504.2 23 1851.10 14 5307.30 31 
1509.2 23 2103.24 17 8203.2 33 
1525.3 22 2112.76 17 8250.2 33 
1530.4 22 2113.19 17 8256.1 33 
1553.5 5 2128.73 2 8498.02 1 

1555.1 5 2131.43 2 8542.09 1 
1555.3 21 2132.25 2 8662.14 1 
1560.6 21 2197.79 13 9856.7 30 
1600.5 20 2208.61 13 9933.3 30 
1606.1 20 3158.87 16 11836.4 29 

1606.2 20 3179.33 16 11947.0 29 
1642.8 3 3181.28 16 
1643.8 3 3706.03 12 
1644.4 3 3736.90 12 
1673.8 19 3933.66 11 

1680.0 19 3968.47 11 
1680.1 19 4097.12 35 
1691.7 15 4109.83 35 
1698.1 15 4110.33 35 
1807.74 18 4206.21 32 

The great majority of the values are taken from the extensive calculations of Trefftz [1] which 
are based on the self-consistent field method and include core polarization effects. Her results for 
the id—ip and 4s —4p transitions are supported by excellent agreement (2-5%) with similar cal- 
culations of Weiss [3] (SCF with core relaxation) and Douglas and Carstang [4] (SCF with core 
polarization). For the 4s — 4/? transition, an experimental value is available from the lifetime meas- 
urements by Gallagher [2] employing the Hanle effect, which agrees with 10 percent with the 
theoretical results. Thus the average of the measured value and Trefftz' calculated result is adopted. 

References 

[11 Trefftz, E., private communication (1968) and to be published. 
(2| Gallagher, A., Phys. Rev. 157,24-30(1967). 
[3| Weis», A. W..J. Res. NBS71A(Phys. andChem.) 157-162(1967). 
[4| Douglas, A. S., and Garetang, R. H., Proc. Cambridge Phil. See. 58,377-381 (1962). 

Ca II. Allowed Transitions 

\... Transit ii>n 
Array 

Multiple! K(K) /•-■/(cm ') A* («in -') Mt A'* /Mio« 
sec-1) 

A .Slat.u.) '<•»£«/ Accu- 
racy 

Source 

1 3</-4/> 
(2) 

8579.1 

8542.09 
8662.14 
8498.02 

13687 

13711 
13650 
13650 

25340 

25414 
25192 
25414 

10 

6 
4 
4 

6 

4 
2 
4 

0.109 

0.099 
0.106 
0.0111 

0.072 

0.072 
0.060 
0.Pi21 

20.3 

12.2 
6.8 
1.35 

-0.143 

-0.365 
-0.62 
-1.315 

C. 

c 
c 
c 

1 

Is 
Is 
Is 

2 3rf-5/> 2D-2P° 
(3 uv) 

2131.5 13687 60587 10 6 0.020 8.1 x 10-* 0.057 -2.09 D 1 

2131.43 
2132.25 
2128.73 

13711 
13650 
13650 

60613 
60535 
60613 

6 
4 
4 

4 
2 
4 

0.018 
0.020 
0.0020 

8.1 x 10-« 
6.8 x 10-« 
1.4X10« 

0.034 
0.019 
0.0038 

-2.31 
-2.57 
-3.25 

D 
D 
D 

Is 
Is 
Is 
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Call.   Allowed Transitions—Continued 

10 

u 

12 

13 

14 

Transition 
•Way 

3d-6p 

3d- \f 

3d-5/ 

3d-6/ 

3d-7/ 

3d-8/ 

3d-9/ 

3d-10/ 

4s—4/J 

4/>-55 

4/;—65 

4/1 -Is 

Multipler 

2D_»po 
(5uv) 

»D-»P 
(4uv) 

(6 uv) 

»D-JP 
(7 uv) 

*D-lP 

*D-*F° 

»D-*F° 

»D-JP 

(1) 

*P°-*S 
(3) 

'P-'S 
(8uv) 

«p_!S 
(10 uv) 

X(A) 

1644.1 

1644.4 
1643.8 
1642.8 

1839.2 

1840.21 
1838.08 
1840.21 

1554.2 

1555.1 
1553.5 
1555.1 

1433.3 

1434.3 
1433.1 
1434.3 

1369.1 

1369.5 
1368.4 
1369.5 

1330.5 

1330.9] 
1329.8] 

[1330.9] 

1305.3 

1305.7 
.1304.6 
[1305.7 

1287.8 

1288.2 
1287.2 
1288.2! 

3945 J2 

3933.66 
3968.47 

3726.5 

3736.90 
3706.03 

2205.0 

2208.61 
2197.79 

1848.1 

1851.10 
1843.6 

fc'ifcni"') 

13687 

13711 
13650 
13650 

13687 

13711 
13650 
13711 

13687 

13711 
13650 
13711 

13687 

13711 
13650 
13711 

13687 

13711 
13650 
13711 

»687 

13711 
13650 
13711 

73687 

13711 
13650 
13711 

13687 

13711 
13650 
13711 

0 

0 
0 

25340 

25414 
25192 

25340 

25414 
25192 

25340 

25414 
25192 

£'i(on-') 

745/0 

74522 
74486 
74522 

68057 

68057 
68057 
68057 

78028 

78028 
78028 
78028 

83458 

83458 
83458 
83458 

86728 

86728 
86728 
86728 

88848 

88848 
88848 
88848 

90300 

90300 
90300 
90300 

91338 

91338 
91338 
91338 

25340 

2.5414 
25192 

52167 

52167 
52167 

70678 

70678 
7067B 

79450 

794.% 
794,0 

Pi f!k tirii 10" 
sec') 

6 6 

10 14 

6 
4 
6 

8 
6 
6 

10 14 

6 
4 
6 

8 
6 
6 

2 6 

2 
2 

4 
2 

6 2 

4 
2 

2 
2 

6 2 

4 
2 

2 
2 

6 2 

4 
2 

2 
2 

0.014 

0.013 
0.014 
0.0014 

2.61 

2.60 
2.44 
0.173 

1.70 

1.69 
1.59 
0.113 

1.08 

1.07 
1.01 
9.072 

0.71 

0.71 
0.66 
0.0473 

0.490 

0.491 
0.459 
0.0328 

0.350 

0.352 
0.328 
0.0234 

0.259 

0.258 
0.242 
0.0172 

1.48 

1.50 
1.46 

2.49 

1.65 
0.84 

0.93 

0.62 
0.313 

0.463 

0.308 
0.155 

fa 

3.3 x IO-4 

3.4 x 10-« 
2.8XIO-4 

5.5X10-5 

0.185 

0.176 
0.185 
0.0088 

0.086 

0.082 
0.086 
0.00410 

0.0465 

0.0441 
0.0466 
0.00222 

0.0280 

0.0266 
0.0277 
0.00133 

0.0182 

0.0174 
0.0182 
8.7X10-4 

0.0125 

0.0120 
0.0126 
6.0 x 10-" 

0.0090 

0.0086 
0.0090 
4.28 x 10-« 

1.04 

0.69 
0.344 

0.173 

0.173 
0.173 

0.0227 

0.0227 
0.0227 

0.0079 

0.0079 
0.0079 

.S(it|. u.) Waf 

0.018 -2.48 

0.011 
0.0060 
0.0012 

-2.69 
-2.95 
-3.66 

11.2 0.267 

6.4 
4.48 
0.320 

0.024 
-0.131 
-1.277 

4.40 -0.066 

2.51 
1.76 
0.126 

-0.308 
-0.463 
-1.61 

2.19 -0.333 

1.25 
0.88 
0.063 

-0.58 
-0.73 
-1.88 

1.26 -0.55 

0.72 
0.50 
0.0360 

-0.80 
-0.96 
-2.098 

0.80 -0.74 

0.457 
0.320 
0.0229 

-0.98 
-1.138 
-2.282 

0.54 -0.90 

0.309 
0.216 
0.0154 

-1.143 
-1.298 
-2.444 

0.382 -1.046 

0.218 
C.l.>3 
0.J1Ü9 

-1.287 
-1.444 
-2.59 

27.0 0.318 

18.0 
9.0 

0.140 
-0.162 

12.7 0.016 

8.5 
4.22 

-0.160 
-0.461 

0.9° -0.87 

0.66 
0.328 

-1.042 
-1.343 

0.288 -1.324 

0.1 3 
0.(M 

-1.50 
-1.80 

\cru-Sourrp 
racy 

D 
D 
D 

C 
C 
C 

C 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c+ 
c + 
c + 

<: 
<: 

c 
c 

Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 

Is 
Is 
Is 

1.2 

Is 
Is 

Is 
Is 

Is 
Is 

Is 
Is 
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Ce II. Allowed Transitions—Continued 

N... Transition 
Array 

Muiliplel X(Ä) E,{cm->) E*Um-') m Pk 4H(10» 
sec-1) 

A Slat.u.) log«/' Accu- 
racy 

Source 

15 4p-8s jp_«S 1696.0 25340 84303 6 2 0.269 0.00387 0.130 -1.63 C 1 

[1698.1] 
[1691.7] 

25414 
25192 

84303 
84303 

4 
2 

2 
2 

0.179 
0.090 

0.00387 
0.00387 

0.087 
0.0431 

-1.81 
-2.111 

C 
C 

Is 
Is 

16 4p —4f/ 2p_2D 
14) 

3172.6 25340 56H51 6 10 3.62 0.91 57 0.74 r 1 

3179.33 
3158.87 
3181.28 

25414 
25192 
25414 

56859 
56839 
56839 

4 
2 
4 

6 
4 
4 

3.59 
3.05 
0.60 

0.82 
0.91 
0.091 

34.2 
19.0 
3.80 

0.52 
0.260 

-0.439 

c 
c 
c 

Is 
Is 
Is 

17 4p-5d 2po_2D 

(9uv) 
2109.6 

2112.76 
2103.24 
2113.19 

25340 

25414 
25192 
25414 

12121 

72731 
72722 
72722 

6 

4 
2 
4 

10 

6 
4 
4 

1.10 

1.10 
0.93 
0.182 

0.122 

0.110 
0.123 
0.0122 

5.1 

3.06 
1.70 
0.340 

-0.135 

-0.357 
-0.61 
-1.312 

c 
c 
c 
c 

1 

Is 
Is 
Is 

18 4p-6d jpo_2Q 

(11 uv) 
1812.1 

1815.04 
1807.74 

[1814.6] 

25340 

25414 
25192 
25414 

80526 

80528 
80523 
80523 

6 

4 
2 
4 

10 

6 
4 
4 

0.490 

0.486 
0.412 
0.081 

0.0402 

0.0360 
0.0403 
0.00402 

1.44 

0.86 
0.480 
0.096 

-0.62 

-0.84 
-1.094 
-1.79 

c 
c 
c 
c 

1 

Is 
Is 
Is 

19 4p-7d 2po_2Q 1611.9 25340 84931 6 10 0.266 0.0187 0.62 -0.95 c 1 

1680.0 
1673.8 
1680.1 

25414 
25192 
25414 

84938 
84935 
84935 

4 
2 
4 

6 
4 
4 

0.263 
0.224 
0.0441 

0.0168 
0.0188 
0.00187 

0.372 
0.207 
0.0413 

-1.173 
-1.425 
-2.126 

c 
c 
c 

Is 
is 
Is 

20 4p~8d jpo_2D 1604.2 25340 81671 6 10 0.162 0.0104 0.330 -1.205 c 1 

1606.1 
1600.5 
1606.2 

25414 
25192 
25414 

87676 
87674 
87674 

4 
2 
4 

6 
4 
4 

0.161 
0.136 
0.0269 

0.0094 
0.0104 
0.00104 

0.198 
0.110 
0.0220 

-1.425 
-1.68 
-2.381 

c 
c 
c 

/s 
Is 
Is 

21 4p-9d 2P"_2£) 1558.8 25340 89491 6 10 0.105 0.0064 0.197 -1.416 c 1 

1560.6 
1555.3 
1560.6 

25414 
25192 
25414 

89491 
89490 
89490 

4 
2 
4 

6 
4 
4 

0.105 
0.089 
0.0175 

0.0057 
0.0064 
6.4 X 10-* 

0.118 
0.066 
0.0131 

-1.64 
-189 
-2.59 

c 
c 
c 

Is 
Is 
Is 

22 4p-l«W jp°_2D 1528.7 25340 90156 6 10 0.073 0.00428 0.129 -1.59 c 1 

1530.4 
1525.3 
1530.4 

25414 
25192 
25414 

907.56 
90755 
90755 

4 
2 
4 

6 
4 
4 

0.073 
0.061 
0.0122 

0.00382 
0.00428 
4.27 X 10-« 

0.077 
0.0430 
0.0086 

-1.82 
-2.068 
-2.77 

c 
c 
c 

Is 
Is 
Is 

23 4p-lh/ «p»_8D 1507.5 25340 91674 6 10 0.053 0.00302 0.090 -1.74 c 1 

1509.2 
1504.2 
1509.2 

25414 
25192 
25414 

91674 
91674 
91674 

4 
2 
4 

6 
4 

0.053 
0.0446 
0.0088 

0.00272 
0.00303 
3.02 x 10-« 

0.054 
0.0300 
0.0060 

-1.96 
-2.218 
-2.92 

c 
c 
c 

Is 
Is 
Is 

21 4p-12</ 2po_2rj 1492.1 25340 9:^361 6 10 0.0399 0.00222 0.065 -1.88 c 1 

1493.7 
1488.8 
1493.7 

25414 
25192 
25414 

92361 
92361 
92361 

4 
2 
4 

6 
4 
4 

0.0395 
0.0333 
0.0066 

0.00198 
0.00221 
2.20 X 10-« 

0.0390 
0.0217 
0.00433 

-2.101 
-2.355 
-3.056 

c 
c 
c 

If 
Is 
Is 

25 4/>-13rf *P-2D 1480.5 25340 92885 6 10 0.0305 0.00167 0.0488 -2.000 c 1 

1482.1 
1477.3 
1482.1 

25414 
25192 
25414 

92885 
92885 
92885 

4 
2 
4 

6 
4 
4 

0.0304 
0.0256 
0.0051 

0.00150 
0.00168 
1.67 x 10-* 

0.0293 
0.0163 
0.00325 

-2.222 
-2.474 
-3.175 

c 
c 
c 

Is 
Is 
Is 
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Call. Allowed Transitions — Continued 

No. Transitiun 
Array 

Multipler x(A) £i(cm"') £*(cm-') «i ft .4*<(10» 
sec-1) 

/* .S(at, u.) log«/' Accu- 
racy 

Source 

26 4/J-14// 2p° _i[) 1471.5 25340 93300 6 10 0.0240 0.00130 0.0378 -2.108 C 1 

[1473.1] 
1468.3 
1473.1 

25414 
25192 
25414 

93300 
93300 
93300 

4 
2 
4 

6 
4 
4 

0.0240 
0.0202 
0.00399 

0.00117 
0.00130 
1.30X10-« 

0.0227 
0.0126 
0.00252 

-2.330 
-2.59 
-3.28-1 

<: 
<: 
c 

Is 
Is 
Is 

27 4/;-15</ *V'-*D 1464.4 25340 93629 6 10 0.0192 0.00103 0.0298 -2.209 c 1 

1466.0 
1461.2 
1466.0 

25414 
25192 
25414 

93629 
93629 
93629 

4 
2 
4 

6 
4 
4 

0.0192 
0.0161 
0.00320 

9.3 X 10~« 
0.00103 
1.03 x 10-« 

0.0179 
0.0099 
0.00199 

-2.429 
-2.69 
-3.385 

c 
c 
<: 

Is 
Is 
Is 

28 4p-l6d 2po_,D 1458.7 25.?40 938% 6 10 •)0156 8.3 x 10« 0.0239 -2.303 c 1 

T1460.2 
1455.5 
1460.2 

25414 
2»192 
25414 

93896 
938% 
938% 

4 
2 
4 

6 
4 
4 

0.0155 
0.0131 
0.00259 

7.4 x 10"« 
8.3x10« 
8.3 x 10s 

0.0143 
0.0080 
0.00159 

-2.53 
-2.78 
-3.479 

c 
c 
c 

Is 
Is 
Is 

29 5s—5p jS_,po 

(5) 
11873 

11836.4 
11947.0 

52167 

52167 
52167 

60587 

60613 
60535 

2 

2 
2 

6 

4 
2 

0.23 

0.23 
0.23 

1 5 

0.98 
0.49 

110 

76 
38 

0.48 

0.29 
-0.0! 

D 

D 
D 

ca 

Is 
Is 

30 jp—6s 2po_2S 

(12) 
9907.1 

9933.3 
9856.7 

60587 

60613 
60535 

70678 

70678 
70678 

6 

4 
2 

2 

2 
2 

0.58 

0.38 
0.19 

0.28 

0.28 
0.28 

55 

37 
18 

0.23 

0.05 
-0.25 

D 

D 
D 

i.'O 

Is 
Is 

31 5p—7s ,po_,S 

'141 
5299.9 

5307.30 
5285.34 

60587 

60613 
60535 

79450 

79450 
79450 

6 

4 
2 

2 

2 
2 

0.23 

0.15 
0.078 

0.033 

0.033 
0.033 

3.4 

2.3 
1.1 

-0.70 

-0.88 
-1.18 

D 

D 
D 

ca 

Is 
Is 

32 5p-8j jpo_JS 

(16) 
4215.4 

4220.13 
4206.21 

60587 

60613 
60535 

84303 

84303 
84303 

6 

4 
2 

2 

2 
2 

0.13 

0.085 
0.043 

0.011 

0.011 
0.011 

0.95 

0.63 
0.32 

-1.18 

-1.36 
-1.66 

D 

D 
D 

ra 

Is 
Is 

33 5p-5</ jp(._2D 

(13) 
8235.0 

8250.2 
8203.2 
8256.1 

60587 

60613 
60535 
60613 

72727 

72731 
72722 
72722 

6 

4 
2 
4 

10 

6 
4 
4 

0.61 

0.61 
0.51 
0.10 

1.0 

0.93 
1.0 
o.:o 

170 

100 
56 
11 

0.78 

0.57 
0.30 

-0.40 

C- 

C- 
c- 
c- 

ca 

Is 
Is 
Is 

34 5p-6rf 
(15) 

50U.9 

5019.98 
5001.49 
5021.14 

60587 

60613 
60535 
60613 

80526 

80528 
80523 
80523 

6 

4 
2 
4 

10 

6 
4 
4 

0.24 

0.23 
0.20 
0.039 

0.15 

0.13 
0.15 
0.015 

15 

8J3 
4.9 
0.98 

-0.05 

-0.28 
-0.52 
-1.22 

D 

D 
D 
D 

ra 

Is 
Is 
Is 

35 5/»-7rf 2po_2D 

(17) 
4105.6 

4109.83 
4097.12 
4110.33 

60587 

60613 
60535 
60613 

84937 

84938 
84935 
84935 

6 

4 
2 
4 

10 

6 
4 
4 

0.12 

0.12 
0.099 
0.019 

0.050 

0.045 
0.050 
0.0049 

4.0 

2.4 
1.3 
0.27 

-0.52 

-0.74 
-1.00 
-1.71 

D 

D 
D 
D 

ra 

Is 
Is 
Is 
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Call 

Forbidden Transitions 

The line strength for the magnetic dipole 3d-3d transition is a straight number, tabulated 
for example by Osterbrock [1|. The transition probability should also be quite accurate, since the 
energy level difference is accurately known. Osterbrock's electric quadrupole values are regarded 
as quite uncertain since in cases where more recent data are available he has not compared very 
well. 

Reference 

|1| Oslerbrock, D. E., Astrophys. J. 114, 469-472 (1951). 

Ca II. Forbidden Transitions 

No. 
Transition 

Arra> Multiplet MÄ) Eifern1) Ek(cm->) K> #*■ 

Type of 
Transi- 

tion 
/Msec"1) .S(at.u.) 

Accu- 
racy Source 

1 3.7-('S)3f/ *D-2D 
[ 16.477 x jo»] 13650.2 13710.9 4 6 m 2.41 x 10-« 2.40 A 1 

2 4s-('S)3</ *S-2D 
(IF) 

7291.46 
7323.88 

0.00 
0.00 

13710.9 
13650.2 

2 
2 

6 
4 

e 
e 

1.3 
1.3 

96 
65 

E 
E 

1 
1 

Caiv 

Ground State ls22s22/AV3p5 2P|/2 

Ionization Potential 

Allowed Transitions 

67 eV = 542000 cm-' 

A value is available for one multiplet of this ion from the screening-approximation calculations 
of Varsavsky [1|. This result should be quite uncertain (probably too high, as judged from compari- 
sons in other ions), since the possibly important effects of configuration interaction have not been 
taken into account. 

Reference 

|1| Varsavsky. C. M.. Aslmphys. J. Suppl. Ser. 6, No. 53. 75 (19611. 

Ca IV. Allowed Transitions 

No. Transition 
Array 

Multiplet A(A) Ei(cm-') £*(cm-') ft flt <4*i(10" 
sec-1) 

/* SUt.u.) log«/" Accu- 
racy 

Source 

1 3sa3/»5-3s.V 
2p>_2«; 660..54 

[656.04] 
[669.73] 

am 
0 

3115 

152430 

152430 
152430 

6 

4 
2 

2 

2 
2 

170 

120 
54 

0.37 

0.37 
0.36 

4.8 

3.2 
1.6 

0.35 

0.17 
-0.14 

E 

E 
E 

1 

U 
Is 
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Caiv 

Forbidden Transitions 

The line strength for the «me transition in the ground state configuration is a straight number, 
tabulated for cample by Naqvi [1]. The transition probability should also be quite accurate, since 
the energy level difference is accurately known. 

Reference 

[1] Naqvi. A. M.. Thesis Harvard (1951). 

Ca IV. Forbidden Transitions 

No. 
Transition 

Array Multiplet MÄ) filoni"1) fiVOnr') Ki dk 

Type of 
Transi- 

tion 
Aki..see •') S(at.u.) 

Accu- 
racy Source 

1 3/^-3/** 2p°_2po 

[3209(] 0 3115 4 2 m 0.543 1.33 A 1 

Cav 

Ground State 

Ionization Potential 

ls22**2p'3s*3/*4i,Pj 

84.39 eV= 680800 cm1 

Allowed Transitions 
A value is available for one multiple! of this ion from the screening-approximation calculations 

of Varsavsky [lj. This result should be quite uncertain (probably too high, as judged from compari- 
sons in other ions), since the possibly important effects of configuration interaction have not been 
taken into account. 

Reference 

[1] Varsavsky, C. M.. Astrophys. J. Suppl. Ser. 6, No. 53, 75 (1961). 

Ca V.    Allowed Transitions 

No. Transition 
Array 

Multiplet A(A) Eifern-1) £*(cm-') fi dk Akl(}Q* 
sec"') 

h S(at.u.) l«»g«/' Accu- 
racy 

Source 

1 3s-3/^ -3s3/>5 3P — 3P» 647.01 1165 155721 9 9 100 0.63 12 0.75 E 1 

646.561 0 154664 5 5 76 0.48 5.1 0.3B E Is 
'647.87' 2404 156756 3 3 25 0.16 1.0 -0.32 E Is 
637.93 0 1567!:* 5 3 44 0.16 1.7 -0.10 E Is 
643.12 240t 157897     3 1 110 0.22 1.4 -0.18 E is 
656.77 2404 I5<S*'4 3 5 24 0.26 1.7 -0.11 E Is 
[651.55] 3276 15675 1 3 34 0.65 1.4 -0.19 E Is 
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i 
Ca v 

Forbidden Transitions 

As in the case of Na IV the adopted values are taken from Naqvi [1], and Malville and Berger [2]. 
For a discussion on the selection of values see Na IV, since the same criteria have been applied. 

References 

[1| Naqvi, A. M., Thesis Harvard (1951). 
12] Malville, J. M.. and Berger. Ft. A.. Hanelary and Space Science 13, 1131 (1965). 

Ca V.   Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet MÄ) £i(cm-') £*(cm-') gi gk Transi- 

tion 
Aki(sec'1) S(at.u.) racy Source 

1 3/J4-3/>< 3p_3p 
41551 0 2406.0 5 3 e 7.1 x lO-o 1.57 C- 1.2 

[41551 0 2406.0 5 3 m 0.311 2.48 B 1.2 
30517" 0 3276 5 1 e 4.5 x 10-» 0.71 C- 2 

[11.49X10*] 2406.0 3276 3 1 m 0.0354 1.99 B 1.2 

2 3P-'D 
"F> 

5309.18 0 18830.1 5 5 e 0.0063 0.079 D- 1.2 
5309.18 0 18830.1 5 5 m 1.93 0.054 C 1.2 
6086.92 2406.0 18830.1 3 5 e 4.6 x 10-« 0.011 D- 1.2 
6086.92 2406.0 18830.1 3 5 m 0.431 0.0180 C 1.2 

[6427.4] 3276 18830.1 1 5 e 1.1 X 10-« 0.0037 D- 2 

3 :,p_.S 

[2280.0] 0 43847 5 1 f 0.16 0.0057 D- 2 
[2412.3] 2406.0 43847 3 1 m 24 0.0125 C 2 

4 'D-'S 
(2F) 

3996.3 
  

18830.1 43847 5 1 e 4.6 2.79 C- 2 

CaVl 

Ground State IsJ25*2/>«3s2.V4SS/2 

Ionization Potential 

Allowed Transitions 

109 eV 

A value is available for one multiplet of this ion from the screening-approximation calculations 
of Varsavsky [lj. This result should be quite uncertain (probably too high, as judged from compari- 
sons in other ions), since the possibly important effects of configuration interaction have not been 
taken into account. 

Reference 

|1| Varsavsky. C. M.. Aslrophys. J. Suppl. Ser. 6, No. 53. 75 (1961). 
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Cavi.   Allowed Transitions 

No. Transition 
Array 

Multiple! x(A) £,(crn-') £*(cm-') ft ftt 4M(10" 
sec *') 

A S(at. u.) lojs«/- Accu- 
racy 

Source 

1 3s23/>3-3s3/<4 <S°-«P 6.J7./Ö 

641.88 
633.81 

[629.5«) 

0 

0 
0 
0 

156960 

155792 
157775 
158833 

4 

4 
4 
4 

12 

6 
4 
2 

48 

47 
50 
49 

0.88 

0.44 
0.30 
0.14 

7.4 

3.7 
2.5 
1.2 

0.55 

0.25 
0.08 

-0.25 

E 

E 
E 
E 

1 

Is 
Is 
Is 

Cavi 

Forbidden Transitions 

For this ion, the only available source is Pasternack [lj. 

Reference 

[1] Pasternack. S.. Astrophys. J. 92, 129-155 (1940). 

Ca VI. Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet MA) Ej(cm-') £*;cm-') ft ftt Transi- 

tion 
.4*i(sec-') ,5{at.u.) racy Source 

1 3^-3/?» 4So_JDo 

(IF) 
3646.3 0 27417 4 6 m 0.0066 7.1 X10-» C- 1 
3646.3 0 27417' 4 6 e 0.013 0.030 D- 1 
3702.7 0 27000 4 4 m 0.28 0.00211 C- 1 
3702.7 0 '27000] 4 4 e 0.0081 0.013 D- 1 

2 4S°—*P° 
2206.3] 0 45310 4 4 m 12 0.0191 C 1 
2206.3 0 45310 4 4 e 2.9 X10-* 3.6 X101 D- ! 
2233.7' 0 44754' 4 2 m 4.8 0.00397 C 1 

[2233.7] 0 [44754] 4 2 e 0.0020 1.3X10-' D- 1 

3 ^"-»D0 

[24.0x10*1 
[24.0 x 104] 

[27000] 
[27000] 

[27417] 
[27417] 

4 6 m 7.83 XIO4 2.40 B 1 
4 6 e 8.2X10" 0.23 D- 1 

4 «D'-'F 
(2F) 

5587.2 27417 45310 6 4 m 2.1 0.054 C 1 
5587.2 27417 45310 6 4 e 0.78 10. D- 1 
5631.0 27000 44754 4 2 m 2.3 0.0305 C 1 
5631.0 '27000 44754 4 2 e 0.64 4.3 D- 1 
5766.4 27417 44754' 6 2 e 0.39 3.0 D- 1 
5460.0 27000] 45310 4 4 m 3.9 0.094 C 1 
5460.0 [27000] [45310] 4 4 e 0.35 4.0 D- 1 

5 jpo_jpo 

[17.98x10»] 
[17.98X104] 

[44754] 
[44754] 

[45310] 
[45310] 

2 4 m 0.00154 1.33 B 1 
2 4 e 2.2X10-'° 0.098 D- 1 
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Ca VII 

Ground State lj*2s*2p*3«'3p' 3Po 

Ionization Potential 128 eV = 1030000 cm- 

Allowed Transitions 

A value is available for one multiplet of this ion from the screening-appn ximation calculations 
if Varsavsky [1 j. This result should be quite uncertain (probably too high, as judged from compari- 

sons in other ions), since the possibly important effects of configuration interaction have not been 
taken into account. 

Reference 

|)| Varsavsky, C. M., Aslrophys. J. Suppl. Ser. 6, No. 53, 75 (1961). 

Ca VII. Allowed Transitions 

No. Transition 
Array 

Multiplet MÄ) £i(cm-') Ek{cm-') m ft ^«(10" 
sec"') 

y<* S(at. u.) log gf Accu- 
racy 

Source 

1 3s>3pt-3s3p> •ip_3D° 634 72 2803 160354 9 15 42 0.43 8.0 0.59 E 1 

[639.15] 4070 160527 5 7 41 0.35 3.7 0.24 E Is 
630.51 1627 160228 3 5 32 0.32 2.0 -0.02 E Is 
624.38 0 160160 1 3 25 0.43 0.89 -0.37 E Is 
640.38 4070 160228 5 5 10 0.064 0.67 -0.49 E Is 
630.78 1627 160160 3 3 18 0.11 0.67 -0.48 E Is 

[640.66] 4070 160160 5 3 1.1 0.0042 0.044 -1.68 E Is 

Cavil 

Forbidden Transitions 

Since their methods are essentially the same, the averaged values of Naqvi [1], Malville and 
Berger [2], and Krueger and Czyzak [3] have been normally used for the magnetic dipole lines. Naqvi 
has not been included for the 9P—'S transition, where the effects of configuration interaction 
become important (see General Introduction). All values for the electric quadrupole transition 
probabilities have been taken from Krueger and Czyzak, since their electric dipole moment sQ has 
been obtained by using self-consistent field wavefunctions with exchange. 

References 
[1| Naqvi. A. M.. Thesis Harvard (1951). 
|2] Malvillc. J. M. and Berger. R. A.. Planetary and Space Science IS, 1131 (1965). 
[3| Krueger. T. K. and Czyzak. S. J.. Astmphys. J. 144, 1194 (1966). 
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CaVU. Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiplet X(A) filtern"1) Ek(cm-) Ki «F Transi- 

tion 
•Msec"1) iS'Ut.u.) racy Source 

1 3p*-3p* sp_3p 
61450 0 1627 1 3 m 0.0771 1.99 B 1 
24460 0 4087 1 5 e 1.9 x 10* 0.50 D 3 
40640 1627 4087 3 5 m 0.199 2.47 B ? 

40640] 1627 [40871 3 1» 
t 3.3 x 10-« 1.1 D 3 

2 »P-'D 
(IF) 4571.8 0 21867] 1 5 e 1.8x10"« 0.0011 D 3 

4939.3 1627 21867 3 5 m 1.25 0.0280 C 1.2.3 
4939.31 1627 '21867 3 5 e 0.0015 0.013 D 3 
5621.4 [4087] 21867 5 5 m 2.56 0.084 C 1.2,3 
5621.4 [4087] [21867 5 5 e 0.0053 0.089 D 3 

3 3P-<S 
[2133.8]? 1627 [48477]? 3 1 m 33.2 0.0120 C- 2.3 
[2252.1]? [4087] [48477]? 5 1 e 0.27 0.0093 D- 3 

'D-'S 
(2F) 

[3756.9]? [2186.9] [48477]? 5 1 e 4.4 2.0 D- 3 

Ground State 

Ca VIII 

ls22s22p63s23p2P?,2 

Ionization Potential 147 eV= 1189000 cm"1 

Allowed Transitions 
The screening-approximation calculations of Varsavsky [1] for the 3s23p2Pc—3s3p22D multi- 

plet are considered to be rather uncertain (probably too high, as judged from comparisons in other 
ions) since the important effects of configuration mixing are neglected entirely. Cruzdev and 
Prokofev [2] have carried out Coulomb approximation calculations modified with the Seaton 
correction for the 3p2P°—4s 2S multiplet; these results should be reliable to within 25 percent, 
as judged from plots depicting/-value dependence on nuclear charge. 

References 

[1] Varsavsky, C. M., Astrophys. J. Suppl. Ser. 6, No. 53, 75 (1961). 
PI Gruzdev, P. F., and Prokofev, V. K., Optics and Speclroscopy (U.S.S.R.) 21, 151-152 (1966). 

Ca'Vlii. Allowed Transitions 

No. Transition 
Array 

Multiplet MÄ) £,(cm-') £*(cm-') Ki ft AM (10" 
sec-1) 

/.* S(at. u.) Ion«/ Accu- 
racy 

Source 

1 is^p-Ssip* «P°-»D 592.22 2870 171726 6 10 47 0.41 4.8 0.39 E 1 

596.93 
582.84 
597.84 

4305 
0 

4305 

171828 
171573 
171573 

4 
2 
4 

6 
4 
4 

46 
41 

7.6 

0.37 
0.42 
0.041 

?9 
1.6 
0.32 

0.17 
-0.08 
-0.79 

E 
E 
E 

Is 
Is 
Is 

2 3p-('S)4j «P'-'S 183.68 2870 547308 6 2 480 0.081 0.294 -0.313 <: 2 

[184.16] 
[182.71] 

4305 
0 

547308 
547308 

4 
2 

2 
2 

320 
160 

0.081 
0.081 

0.1% 
0.097 

-0.489 
-0.79 

<: 
c Is 



Ca viii 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, 
since the energy level difference is accurately known. 

Reference 
[1] Naqvi, A. M., Thesis Harvard (1951). 

Ca VIII.  Forbidden Transitions 

No. 
Transition 

Array Multiplet MÄ) Ei{cm-'} £*(cnr') gi gk 
Type of 
Transi- 

tion 
4».((sec-') S(at.u.) 

Accu- 
racy Source 

1 3p-('S)3p 2po_2po 

[23222] 0 4305 2 4 m 0.716 1.33 A 1 

CalX 

Ground State 

Ionization Potential 

ls*2s*2p83s2 'So 

188 eV= 1519000 cm"1 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A] No. Wavelength [A] No. Wavelength [A] No. 

100.65 7 161.98 5 398.7 4 
100.% 7 162.37 5 466.23 1 
100.97 7 163.23 5 498.00 2 
129.20 6 371.90 3 503.28 2 
129.42 6 373.80 3 506.16 2 

129.45 6 373.98 3 507.09 2 
129.93 6     j 378.09 3 512.06 2 
129.97 °    i 378.38 3 515.57 2 
129.99 6 378.57 3 

The two available sources for this ion are the calculations of Zare [1], which include con- 
figuration interaction employing Hartree-Fock-Slater wave functions as a starting point, and the 
charge-expansion method of Crossley and Daigarno [2] which also includes configuration inter- 
action but in a more limited way. For many of these transitions, the dependence of oscillator 
strength on nuclear charge has served as an aid in estimating accuracies. 

References 

|1| Zare, R. N., J. Chem. Phy». 47,3561-3572 (1967). 
[2] Crossley. R. J. S., and Dalcamo, A., Fror. Roy. Soc. London A286, 510 (1965). 
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CalX. Allowed Transitions 

No. Transition 
Array 

Multiple! MÄ) £((cm"') £*(cm-') ft to /M10" 
sec"1) 

fa S(at.u.) log«/" Accu- 
racy 

Source 

1 3*»-35(lS)3p iS-'P° [466.23] 0 214488 1 3 112 1.09 1.68 0.037 B 1 

2 3«3p-3p* 'P°_3p 506.69 145764 343122 9 9 95 0.366 5.5 0.52 C + 2 

506.16 
507.09 
515.57 
512.06 
498.00' 
503.28 

147370 
144130 
147370 
144130 
144130 
142635 

344935 
341333 
341333 
339420 
344935 
341333 

5 
0 »-• 
5 
3 
3 
1 

5 
3 
3 
1 
5 
3 

72 
23.7 
37.5 
92 
24.9 
32.3 

0.275 
0.091 
0.090 
0.121 
0.155 
0.368 

2.29 
0.458 
0.76 
0.61 
0.76 
0.61 

0.138 
-0.56 
-0.347 
-0.440 
-0.333 
-0.434 

c+ 
c 
c 
c 
c 
c 

Is 
Is 
Is 
Is 
Is 
Is 

3 3i3p-35('S)3rf SP°_3D 376.00 145764 411723 9 15 152 0.54 6.0 0.69 c 1 

378.09 
373.80 
371.90 
378.38 
373.98 
378.57! 

147370 
144130 
142635 
147370 
144130 
147370 

411&S8 
411652 
411525 
411652 
411525 
411525 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

150 
116 
88 
37.4 
65 
4.1 

0.450 
0.406 
0.55 
0.080 
0.135 
0.0053 

2.80 
1.50 
0.67 
0.50 
0.50 
0.033 

0.352 
0.086 

-0.260 
-0.398 
-0.393 
-1.58 

c 
c 
c 
c 
c 
E 

Is 
Is 
Is 
Is 
Is 
Is 

4 'P-'D [398.7] 214488 [465300] 3 5 220 0.89 3.5 0.43 D 1 

5 3s3p-3ifS)4« 3P°-3S 162.80 145764 760002 9 3 680 0.090 0.436 -0.092 C 1 

163.23] 
162.37] 
161.98] 

147370 
144130 
142635 

760002 
760002 
760002 

5 
3 
1 

3 
3 
3 

376 
229 
77 

0.090 
0.090 
0.091 

0.242 
0.145 
0.0484 

-0.347 
-0.57 
-1.041 

C 
C 
C 

Is 
Is 
Is 

6 3s3p-3j(2S)4<f jp_3J) 729.69 145764 916852 9 15 510 0.22 0.83 0.29 D 1 

129.93 
129.42 
129.20 
129.97 
129.45 
129.99; 

147370 
144130 
142635 
147370 
144130 
147370 

916990 
916780 
916652 
916780 
916652 
916652 

5 
3 
1 
5 
3 
5 

7 
5 
3 
5 
3 
3 

510 
390 
290 
130 
220 
14 

0.18 
0.16 
0.22 
0.032 
0.054 
0.0022 

0.39 
0.21 
0.092 
0.069 
0.069 
0.0046 

-0.04 
-0.31 
-0.67 
-0.79 
-0.79 
-1.97 

D 
D 
D- 
D- 
D- 
E 

Is 
Is 
Is 
Is 
Is 
Is 

7 3*3p-3i(lS)5d »P°-3D 
100.96 
100.65 
100.97 

147370 
144130 
147370 

1137880 
1137720 
1137720 

5 
3 
5 

7 
5 
5 

240 
180 
60 

0.051 
0.046 
0.0091 

0.085 
0.046 
0.015 

-0.59 
-0.86 
-1.34 

D 
D 
D 

\,ls 
Us 
Us 

Ca IX 

Forbidden Transitions 

Naqvi's calculations [1] are the only available source. The results for the 3P°—3P° transi- 
tions are essentially independent of the choice of the interaction parameters. For the 3P°— 'P° 
transitions, Naqvi uses empirical term intervals, i.e., the effects of configuration interaction should 

be partially included. 

Reference 

[1] Naqvi, A. M.. Thesis Hsrvard (1951). 
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Ca IX. Forbidden Transitions 

Transition Type of Accu- 
No. Array Multiple! X(A) £((cm-') £*(cm-') gi ft Transi- 

tion 
Ak,(sec-') S(at.»i.) racy Source 

1 3S?J[> — 3p"_.ipo 

M*S$l> 
[66870] 142635 144130 1 3 m 0.0601 2.00 A 1 
[30860] 144130 147370 3 5 m 0.459 2.50 A 1 

2 ip«_ipo 
[1391.7] 142635 214488 1 3 m 7.5 0.00225 C 1 
[1421.3] 144130 214488 3 3 m 158 0.050 C 1 
[1489.9] 147370 214488 5 3 m 7.7 0.00282 C 1 

CaX 

Ground State 

lonization Potential 

ls22s22p63s *S„2 

211.29 eV = 1704660 cm'1 

Allowed Transitions 

List of tabulated lines: 

Wavelength [A) No. Wavelength [A] No. Wavelength [Ä] No. 

110.96 
111.20 
118.20 
151.83 
153.01 

167.00 
206.57 

2 
2 
7 
4 
4 

6 
5 

206.75 
207.39 
369.29 
371.90 
411.69 

419.76 
420.49 

5 
5 

10 
10 

3 

3 
3 

557.74 
574.01 

1137.0 
1159.1 
1162.1 

1462.6 
1504.5 

1 
1 
9 
9 
q 

8 
8 

Two sources of data are available for this ion: the calculations of Stewart and Rotenberg [1], 
employing a scaled Thomas-Fermi potential, and the charge-expansion formulation of Crossley 
and Dalgarno [2], which includes limited configuration mixing. Graphical comparisons of both works 
with more refined values within the isoelectronic sequence indicate accuracies within 25 percent. 
A number of additional values have been obtained from studies of the f-value dependence on nuclear 
charge. The reliable material available for other ions of this isoelectronic sequence in these cases 
permits the determination of reliable values simply by graphical interpolation. 

References 

[1] Stewart. J. C. and Rotenbera. M.. Phys. Rev. 140, 1508A-1519A (1965). 
[2] Crossley. R. J. S.. and Dalftarno, A.. Pror. Roy. Soc. London A286, 510-518 (1965). 
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CaX. Allowed Transitions 

No. Transition 
Array 

Mukiplet X(Ä) £i(cm-') E*(cm-') « Hk /**.(10» 
aec1) 

/<* 

1 
S(at.u.) log«/' Accu- 

racy 
Source 

1 3s—3p 2S—2P° 563.06 

[557.741 
[574.01J 

0 

0 
0 

177601 

179295 
174214 

2 

2 
2 

6 

4 
2 

37.2 
37.5 
35.4 

0.53 
0.350 
0.175 

1.96 
1.29 
0.66 

0.025 
-0.155 
-0.456 

C 
C 
C 

1 
Is 
Is 

2 3 s—4p »S-*P° 111.04 0 900575 2 6 261 0.145 0.106 -0.54 C 1 

[110.96] 
[111.20] 

0 
0 

901210 
899305 

2 
2 

4 
2 

263 
261 

0.097 
0.0483 

0.071 
0.0354 

-0.71 
-1.015 

C 
C 

Is 
Is 

3 3p-3d jp°_2r> 417.08 177601 417361 6 10 97 0.420 3.46 0.401 C 2 

419.76 
411.69 
420.49 

179295 
174214 
179295 

417527 
417113 
417113 

4 
•» 
4 

6 
4 
4 

95 
83 
!6 

0.376 
0.424 
0.042 

2.08 
1.15 
0.23 

0.177 
-0.072 
-0.78 

C 
c 
D 

Is 
Is 
Is 

4 3p-4s 2p<._2S 152.62 177601 832838 6 2 740 0.086 0.26 0.29 C interp 

[153.01] 
[151.83] 

179295 
174214 

832838 
832838 

4 
2 

2 
2 

480 
250 

0.084 
0.087 

0.17 
0.087 

0.47 
0.76 

C 
C 

Is 
Is 

5 3d-4p 2D—2P° 206.95 417361 900575 10 6 290 0.11 0.75 0.04 C inlerp 

206.75 
207.39 
1206.57; 

417527 
417113 
417113 

901210 
899305 
901210 

6 
4 
4 

4 
2 
4 

260 
280 

29 

0.11 
0.092 
0.018 

0.45 
0.25 
0.050 

-0.18 
-0.43 
-1.14 

C 
C 
D 

Is 
Is 
Is 

6 3d-4/ 2D-2P 167.00 417361 1016167 10 14 1600 0.93 5.1 0.97 c+ interp 

7 3d~5f 2][) — 2F° 118.20 417361 1263357 10 14 580 0.17 0.66 0.23 c interp 

8 4s—4p 'S—2P° 1476.3 832838 900575 2 6 7.3 0.72 7.0 0.16 c interp 

[1462.6] 
[1504.5] 

832838 
832338 

901210 
899305 

2 
2 

4 
2 

7.6 
6.8 

0.49 
0.23 

4.7 
2.3 

-0.01 
-0.34 

c 
c 

Is 
Is 

9 4p-4d »p°_»D 1151.8 900575 987394 6 10 25 0.83 19 0.70 c interp 

1159.1 
1137.0 
1162.1 

901210 
899305 
901210 

987484 
987259 
987259 

4 
2 
4 

6 
4 
4 

24 
22 
4.2 

0.72 
0.84 
0.085 

11 
6.3 
1.3 

0.46 
0.23 

-0.47 

c 
c 
D 

/s 
Is 
Is 

10 4p—5s jpo _ 2g 371.03 900575 1170098 6 2 220 0.15 1.1 -0.05 C interp 

[371.90] 
[369.29] 

901210 
899305 

1170098 
1170098 

4 
2 

2 
2 

140 
74 

0.1* 
0.15 

0.73 
0.37 

-0.22 
-0.52 

C 
c 

Is 
Is 

Ca XI 

Ground State lal25*2/i" 'S,, 

264 

Ionizütion Potential 

Allowed Transitions 

591.8 eV = 4774?00 cnr 

Calculations by Kastner, Omidvar, and Underwood [1], employing Hartree-Fock wave func- 
tion and including intermediate coupling, are available. Since the calculations are based on a 
single-configuration approximation only, uncertainties of up to 50 percent are expected for the 
strong lines and even higher uncertainties for the weak lines, the latter being more affected by 
assumptions about the coupling. 



;' 

Reference 

[1] Kastner, S. O., Omidvar, K., and Underwood, J. H., Agtrophys. J. 148, 269-273 (1967). 

Ca XI. Allowed Transitions 

No. Transition 
Array 

Multiple! MÄ) £'i(cm"'i £*(cm-') fit g. i'*i (10» 
aee"') 

Sue S{M. u.) !<>g«/' Accu- 
racy 

äource 

i 2/>«_ 
2/>W/2)35 

:S_3po 

[35.576] 0 2810900 1 3 1200 0.066 0.0077 -1.18 E 1 

2 2p«- 
2p*(2P°m)3s 

'S-'P° [35.213] 0 2839900 1 3 2000 0.11 G.013 -0.96 D 1 

3 2p«- 
2p>(*P°m)3d 

"S-3P° 

[31.257] 0 3199300 1 3 170 0.0074 7.6 X 10-" -2.13 E 1 

4 2p8- 
2p5(2P3°/2)3rf 

'S-'P° [30.867] 0 3239700 1 3 4.9 X104 2.1 0.21 0.32 D 1 

5 2p6- 
2p5(2P?/2)3<f 

iS_.iD" 

[30.448] 0 3284300 1 3 6200 0.26 0.026 -0.59 D 1 

CaXll 

Ground State lsf2*t2pl »PS, 3/2 

lonization Potential 655 eV 

Forbidden Transitions 

The line strength for the one transition in the ground state configuration is a straight number, 
tabulated for example by Naqvi [1]. The transition probability should also be quite accurate, 
since the energy level difference is accurately known. 

Reference 

[1] Naqvi, A. M.. Thesis Harvard (1951). 

Ca XII. Forbidden Transitions 

No. 
Transition 

Array Multiplet MÄ) £i(cm_l) £*(cm- ) ft to 
Type of 
Transi- 

tion 
/**i(»ec-') S(at.u.) 

Accu- 
racy Source 

1 2p*-2p» 2po_apo 
(IF) 

3329.5 0 30028 4 2 m 486 1.33 A 1 

265 



Ground State 

lonization Potential 

Ca X1U 

Forbidden Transitions 

lä-'25-'2p4:,P, 

k.ueger and Czyzak's [1| values have been used for this ion, except for the magnetic dipole 
3Po,i— sPi,a transitions where Naqvi's [2] results have been applied. Some wavelength da?* are 
from observed coronal lines. The electric quadrupole moment (s,) is based on self-consistent field 
wave functions with exchange. 

References 

[1 j Krueger, T. K. and Czyzak, S. J.. Astrophys. J. 144, 1194-1202 (1966). 
(2| Naqvi, A. M. Thesis Harvard (1951). 

Ca XII. Forbidden Transitions 

No. 
Transition 

Array Multiplet MÄ) £i(cm ') £*(cnr') H< (tk 

Type of 
Transi- 

tion 
.•Msec   ') Mal.u.) 

Accu- 
racy Souro 

1 2/^-2/»* .ip_:ip 

(IF) 
4086..' 
4086.5 

[34841 
[23810] 

0 
0 
0 

24464 

24464 
24464 

[28660] 
[28660] 

5 
5 
5 
3 

3 
3 
1 
1 

c 
m 
f 

m 

().(H)362 
317 

0.0111 
3.84 

0.0074 
2.41 
0.00340 
1.92 

C 
B 
c- 
B- 

np_.D 

1124 
li24 
1550 
1550 
1658 

0 
0 

24464 
24464 

[28660] 

89>HH) 
8%'H)" 
89000' 
89CXH) 
89000 

5 
5 
3 
3 
1 

5 
5 
5 
5 
5 

e 
m 

<• 
m 
e 

0.30 
850 

<).(H)89 
111 

0.(H)68 

0.0016 
0.223 
2.4 x 10-* 
0.077 
2.5 x 10-« 

D- 
C- 
D- 
('.- 
I) 

»P-'S 
[560.21 
[649.4] 

0 
24464 

[178500] 
[1785(H)] 

5 
3 

1 
1 in 

1.2 
8200 

3.9 x 10' 
0.083 C- 

'D-'S 
[1117] |89«HH)] [1785(H)] 5 1 c 7.4 0.0076 D 

CaXV 

Ground State 

lonization Potential 
I«*2«!,2/J*»P, 

v 

Forbidden Transitions 

Krueger and Czyzak's [1| values have been used for this ion. except for the magnetic dipole 
:,P<; i — 3Pi.:t transitions where Naqvi's [2| results have been applied. Sonic wavelength data are 
from observed coronal lines. The electric quadrupole moment (.sv) is based on self-consistent field 
wave functions with exchange. 

References 

III Kruep-r. T. K. and Czyzak. S. J.. Artniphys. J. 144, 1194-1202 (1966). 
|2] Naqvi. A. M. Thesis Harvard 119511. 
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Ca XV. Forbidden Transitions 

No. 
Transition 

Array Multiple! A(A) filcni"1) £<t(cm-') ft £* 
Type of 
Transi- 

tion 
■4*i(sec-') S(at.u.) 

Accu- 
racy Source 

1 2/>2-2// 3p_3p 

5694.44 
[27&3.8] 
5446.44 
5446.44 

1755 
17556 

17556 
35911 
35911 
35911 

1 
1 
3 
3 

3 
5 
5 
5 

m 
e 

m 
e 

94.9 
0,0060 

77.8 
4.00 X10-* 

1.95 
0.00297 
2.33 
C.0057 

B 
C 
B 
C 

r 

1 
2 
1 

:' ip_iD 

[916. 
1093 
1093 
1367 
1367; 

7] 0 
17556 
17556 
35911 
35911 

109070 
109070 
109070' 
109070' 
109070; 

1 
3 
3 
5 
5 

5 
5 
5 
5 
5 

e 
m 
e 

m 
e 

0.015 
670 

0.087 
960 

0.19 

2.8 X10-1 

0.163 
4.0 X10-« 
0.455 
0.0026 

D- 
C - 
D- 
C- 
D- 

1 
1 
1 
1 
1 

3 »P-'S 
[581.3] 
[650.8] 

17556 
35911 

[189570] 
[189570] 

3 
5 

1 
1 

m 
e 

B500 
4.4 

0.062 
3.0 X10-4 

C- 
D- 

1 
1 

4 'D-'S 
[1242] [109070] [189570] 5 1 s 5.9 0.010 D I 

308-(111 0-69—2D 2S7 

.,,-.,-*.>»*»«.»''*>-• -  ■ 



LIST OF RECENT ADDITIONAL MATERIAL 

(New material which would have been considered if received before cut-off date) 

Spectrum References Spectrum References 

Nal 1,2,10 Piv 11 

Mgl 9,11 An 7 
Mg ii 10 

Kl 10 
Ah 3 
Al II 11 Cal 11 

Call 10 
Si I 4, 5, 6, 8 
Sin 4 
Sim 4,11 
Si IV 12 

References and Commen's 

[lj Hamecd. S., Herzenberg. A., and James. M. C, J. Phys. B (Proe. Phys. Soc.) Ser. 2, 1, 822-830 
(1968). 
Nal 

Self-consistent field calculations with core polarization for the resonate transition. Results 
agree within a few percent with our tabulated value. 

(2| Wolff, R. J., and Davis, S. P.. J. Opt. Soc. Am. 58, «0-195 (1968). 
Nal 

Lifetime of 3p 'P° state. Agrees exactly with our listed number. 
[3| Cunningham, P. T., J, Opt Soc. Am. 58, 1507-1509 (1968). 

All 
Phase-shift lifetime of 4J 

2S,,2 and 3u"D states. Supports within 2 4 percent our adopted absolute 
scale. 

|4| Hofmann, W., Max Planck Institut für Physik und Astrophysik MPf-PAE/Ex!raterr. (January, 
1969). Sil, II, III 

Vacuum uv stabilized-arc experiment. Agreement with our tabulated data is quite good for 
Si I, although Hofmann has values for many more lines. The absolute values appear to be 
low for Si II, but the relative values agree quite well with ours. Does not agree with our listed 
value (and systematic trends) for Si III. 

[51 Schulz-Gulde, E„ J. Quant. Spectrosc. Radial. Transfer 9, 13-29 (1969). 
Si I, II 

Wall-s'.abilized arc experiment. The values are in poor agreement with our listed values and 
the calculations of refs. [6| and I8J below. We recommend these new experimental values over 
those of refs. [6| and [8) and our tabulated data. 

[6| Armstrong, Jr., L, and Liebermann, ".. J. Quant. Spectrosc Radial. Transfer 9, 123-128 (1969). 
Si! 

Intermediate coupling calculations with absolute scale from wavefunctions with self-consistent 
field type potential. Should be considered along with ref. |8| when values are not available 
from ref. [5|. 

(7| Veroleinen, Ya. F., and Osherovich. A. I... Optics and Spectroscopy (U.S.S.R.) 25, 258-259 
(1908). 

An 
Delayed-coincidence lifetimes. See comment under Ar I. 

[8| Warner, B., Monthly Notices Roy. Astron. Soc. 139, 1-34 (1968) 
Sil 

Intermediate coupling calculations  with wavefunctions from Thomas-Fermi-Dirac potential 
and with configuration mixing. Should be considered along with ref. [6| when values are not 
available from ref. [5). 

|9| Warner, B„ Monthly Notices Roy. Aslron. Soc. 139, 103-113 (1968). 
Mgl 

Calculations similar to those of ref. |8|. Results agree usually very well with our values. 
[10] Warner. B.. Monthly Notices Roy. Aslron. Soc. 139, 115-128 (1968). 

Nal, Mgll, Kl, Call 
Calculations similar to those of ref. |8|. The results agree within a few percent with our values. 

[Ill Warner, B., Monthly Notices Roy. Aslron. Soc. 140, 53-59 (1968). 
Mgl, Al II. Sim, P IV. Cal 

Intermediate coupling calculations with Thomas-Fermi-Dirac wavefunctions. Results usually 
agree well with our listed data where one would expect. 

[12| Warner. B., Monthly Notices Roy. Aslron. Soc. 141, 273-276 (1968). 
Si IV 

Calculations based on scaled Thomas-Fermi wavefunctions. The agreement with our tabulated 
material is excellent. 
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i NATIONAL BUREAU OF STANDARDS 

1'he National Bureau of Standards ' was established by an act of Congress March 3, 1901. Today, 
in addition to serving as the Nation's central measurement laboratory, the Bureau is a principal 
focal point in the Federal Government for assuring maximum application of the physical and 
engineering sciences to the advancement of technology in industry and commerce. To this end 
the Bureau conducts research and provides central national services in four broad program areas. 
These are: (1) basic measurements and standards, (2) materials measurements and standards, 
(3) technological measurements and standards, and (4) transfer of technology. 

I The Bureau comprises the Institute for Basic Standards, the Institute for Materials Research, the 
Institute for Applied Technology, the Center for Radiation Research, the Center for Computer 
Sciences and Technology, and the Office for Information Programs. 
THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the United 
States of a complete and consistent system of physical measurement; coordinates that system with 
measurement systems of other nations; and furnishes essential services leading to accurate and 
uniform physical measurements throughout the Nation's scientific community, industry, and com- 

[merce. The Institute consists of an Office of Measurement Services and the following technical 
divisions: 

Applied    Mathematics —Electricity —Metrology —Mechanics —Heat —Atomic    and    Molec- 
ular Physics — Radio Physics2 — Radio Engineering * — Time and Frequency 2—Astrophysics *— 
Cryogenics.2 

THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research leading to im- 
! proved methods of measurement standards, and data on the properties of well-characterized 
| materials needed by industry, commerce, educational institutions, and Government; develops, 
1 produces, and distributes standard reference materials; relates the physical and chemical prop- 
. erties of materials to their behavior and their interaction with their environments; and provides 

advisory and research services to other Government agencies. The Institute consists of an Office 
| of Standard Reference Materials and the following divisions: 
I Analytical Chemistry —Polymers —Metallurgy —Inorganic Materials —Physical Chemistry. 

THE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to promote 
I the use of available technology anJ to facilitate technological innovation in industry and Gov- 
1 eminent: cooperates with public and private organizations in the development of technological 

«standards, and test methodologies: and provides advisory and research services for Federal, state, 
and local government agencies. The Institute consists of the following technical divisions and 
offices: 

Engineering Standards —Weights and Measures —Invention and Innovation —Vehicle Sys- 
I terns   Research — Product   Evaluation —Building   Research —Instrument   Shops —Measure- 
| ment Engineering—Electronic Technology —Technical Analysis. 

THE CENTER FOR RADIATION RESEARCH engages in research, measurement, a«*! ap 
plication of radiation to the solution of Bureau mission problems and the problems of other agencies 

f and institutions. The Center consists of the following divisions: 
i Reactor Radiation — Linac Radiation —Nuclear Radiation —Applied Radiation. 

THE CENTER FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research and 
t provides technical services designed to aid Government agencies in the selection, acquisition, 

and effective use of automatic data processing equipment; and serves as the principal focus 
for (he development of Federal standards for automatic data processing equipment, techniques, 
and computer languages. The Center consists of the following offices and divisions: 

Information Processing Standards —Computer Information —Computer Services —Systems 
Development —Information Processing Technology. 

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination and 
accessibility of scientific information generated within NßS and other agencies of the Federal 
government; promotes the development of the National Standaid Reference Data System and a 
system of information analysis centers dealing with the broader aspects of the National Measure- 
ment System, and provides appropriate services to ensure that the NBS staff has optimum accessi- 
bility to the scientific information of the world. The Office consists of the following organizational 
units: 

Office of Standard Reference Data —Clearinghouse for Federal Scientific and Technical 
Information3 —Office of Technical Information and Publications —Library —Office of Public 
Information —Office of International Relations. 

1 Headquarter* and Laboratories at (.ailherahurg. Maryland, unl*v, otherwise noted; mailing addreta Waahingtnn. D.C. 2)234. 
■ I..., «led at Boulder. Colorado 80302. 
1 I.IK «led at 5285 Port Royal Road. Springfield. Virginia 22151. 



NBS TECHNICAL PUBLICATIONS 

PERIODICALS 

JOURNAL OF RESEARCH reports National 
Bureau of Standards research and development in 
physics, mathematics, chemistry, and engineering. 
Comprehensive scientific papers give complete details 
of the work, including laboratory data, experimental 
procedures, and theoretical and mathematical analy- 
ses. Illustrated with photographs, drawings, and 
charts. 

Published in three sections, available separately: 

• Physics and Chemistry 

Papers of interest primarily to scientists working in 
these fields. This section covers a broad range of 
physical and chemical research, with major emphasis 
on standards of physical measurement, fundamental 
constants, and properties of matter. Issued six times 
a year. Annual subscription: Domestic, $6.00; for- 
eign, $7.25*. 

• Mathematical Sciences 

Studies and compilations designed mainly for the 
mathematician and theoretical physicist. Topics in 
mathematical statistics, theory of experiment design, 
numerical analysis, theoretical physics and chemis- 
try, logical design and programming of computers 
and computer systems. Short numerical tables. 
Issued quarterly. Annual subscription: Domestic, 
$5.00; foreign, $6.25*. 

• Engineering and Instrumentation 

Reporting results of interest chiefly to the engineer 
and the applied scientist. This section includes many 
of the new developments in instrumentation resulting 
from the Bureau's work in physical measurement, 
data processing, and development of test methods. 
It will also cover some of the work in acoustics, 
applied mechanics, building research, and cryogenic 
engineering. Issued quarterly. Annual subscription: 
Domestic, $5.00; foreign, $6.25*. 

TECHNICAL NEWS BULLETIN 

The best single source of information concerning 
the Bureau's research, developmental, cooperative 
and publication activities, this monthly publication 
is designed for the industry-oriented individual whose 
daily work involves intimate contact with science 
and technology—for engineers, chemists, physicists, 
research managers, product-development managers, and 
company executives. Annual subscription: Domestic, 
$3.00; foreign, $4.00*. 
'Difference in price it due to eura coi! of foreign mailing. 

N0NPERI00ICALS 

Applied Mathematics Series. Mathematical 
tables, manuals, and studies. 

Building Science Series. Research results, test 
methods, and performance criteria of building ma- 
terials, components, systems, and structures. 

Handbooks. Recommended codes of engineering 
and industrial practice (including safety codes) de- 
veloped in cooperation with interested industries, 
professional organizations, and regulatory bodies. 
Special Publications. Proceedings of NBS con- 
ferences, bibliographies, annual reports, wall charts, 
pamphlets, etc. 
Monographs. Major contributions to the techni- 
cal literature on various subjects related to the 
Bureau's scientific and technical activities. 
National   Standard   Reference  Data   Series. 
NSRDS provides quantitative data on the physical 
and chemical properties of materials, compiled from 
the world's literature and critically evaluated. 

Product Standards. Provide requirements for 
sizes, types, quality and methods for testing various 
industrial products. These standards are developed 
cooperatively with interested Government and in- 
dustry groups and provide the basis for common 
understanding of product characteristics for both 
buyers and sellers. Their use is voluntary. 

Technical Notes. This series consists of com- 
munications and reports (covering both other agency 
and NBS-sponsored work) of limited or transitory 
interest. 

Federal Information Processing Standards 
Publications. This series is the official publication 
within the Federal Government for information on 
standards adopted and promulgated under the Pub- 
lic Law 89-306, and Bureau of the Budget Circular 
A-86 entitled, Standardization of Data Elements 
and Codes in Data Systems. 

CLEARINGHOUSE 
The Clearinghouse for Federal Scientific and 

Technical Information, operated by NBS, supplies 
unclassified information related to Government- 
generated science and technology in defense, space, 
atomic energy, and other national programs. For 
further information on Clearinghouse services, write: 

Clearinghouse 
U.S. Department of Commerce 
Springfield, Virginia    22151 

Order NBS publications from: Superintendent of Documents 
Government Printing Office 
Washington, D.C.   20402 

■« 



Announcement of New Publications in 

National Standard Reference Data Series 

Superintendent of Documents, 
Government Printing Office, 
Washington, D.C.   20402 

Dear Sir: 

Please add my name to the announcement list of new publications to be issued 
in the series: National Standard Reference Data Series—National Bureau of 
Standards. 

Name  

Company. 

Address... 

City  State Zip Code. 

(Notifk-ition key N-.137) 
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Publications in the National Standard Reference Data Series 
National Bureau of Standards 

£ u 

You may use this listing as your order form by 
checking the proper box of the publication(s) you 
desire or by providing the full identification of the 
publication you wish to purchase. The full letter 
symbols with each publication number and full 
title of the publication and author must be given in 
your order, e.g., NSRDS-NBS-17, Tables of 
Molecular Vibrational Frequencies, Part 3, by 
T. Shimanouchi. 

Pay for publications by check, money order, or 
Superintendent of Documents coupons or deposit 
account. Make checks and money orders payable 
to Superintendent of Documents. Foreign remit- 
tances should be made either by international 
money order or draft on an American bank. Post- 
age stamps are not acceptable. 

No charge is made for postage to destinations in 
the United States and possessions, Canada, Mex- 
ico, and certain Central and South American coun- 
tries. To other countries, payments for documents 
must cover postage. Therefore, one-fourth of the 
price of the publication should be added for postage. 

Send your order together with remittance to 
Superintendent of Documents, Government Print- 
ing Office, Washington, D.C. 20402. 

D NSRDS-NBS 1, National Standard Refer- 
ence Data System—Plan of Operation, by 
E. L. Brady and M. B. Wallenstein, 1964 (IS 
cents). 

D NSRDS-NBS 2, Thermal Properties of 
Aqueous Uni-univalent Electrolytes, by 
V. B. Parker, 1965 (45 cents). 

D NSRDS-NBS 3, Sec. 1, Selected Tables of 
Atomic Spectra, Atomic Energy Levels and 
Multiple! Tables, Sin, Si III, Si IV, by C. E. 
Moore, 1965 (35 cents). 

D NSRDS-NBS 3. Sec. 2. Selected Tables of 
Atomic Spectra, Atomic Energy Levels 
and Multiple! Tables, Si I, by C. E. Moore. 
1967 (20 cents). 

D NSRDS-NBS 4, Atomic Transition Prob- 
abilities, Volume 1, Hydrogen Through 
Neon, by W. L. Wiese, M. W. Smith and B. M. 
Glennon, 1966 ($2.50). 

D NSRDS-NBS 5, The Band Spectrum of 
Carbon Monoxide, by P. H. Krupenie, 1966 
(70 cents). 

D NSRDS-NBS 6, Tables of Molecular Vi- 
brational Frequencies, Part 1, by T. 
Shimanouchi, 1967 (40 cents). 

0 NSRDS-NBS 7, High Temperature Prop- 
erties and Decomposition of Inorganic 
Salts, Part 1, Sulfates, by K. H. Stern and 
E. L. Weise, 1966 (35 cents). 

D NSRDS-NBS 8, Thermal Conductivity of 
Selected Materials, by R. W. Powell, C. Y. 
Ho, and P. E. Liley, 1966 ($1). 

D NSRDS-NBS 9, Bimolecular Gas Phase Re- 
actions, by A. F. Trotman-Dickenson and G. S. 
Milne, 1967 ($2). 

D NSRDS-NBS 10, Selected Values of Elec- 
tric Dipole Moments for Mo . cules in the 
Gas Phase, by R. D. Nelson, Jr.. D. R. Lide, 
Jr., and A. A. Maryott, 1967 (40 cents). 

□ NSRDS-NBS 11, Tables of Molecular Vi- 
brational Frequencies, Part 2, by T. Shim- 
anouchi, 1967 (30 cents). 

D NSRDS-NBS 12, Tables for the Rigid Asym- 
metric Rotor: Transformation Coefficients 
From Symmetric to Asymmetric Bases and 
Expectation Values of Pf, PJ, and Pf, by 
R. H. Schwendeman, 1968 (60 cents). 

D NSRDS-NBS 13, Hydrogenation of Ethyl- 
ene on Metallic Catalysts, by I. Horiuti and 
K. Miyahara, 1968 ($1). 

D NSRDS-NBS 14, X-Ray Wavelengths and 
X-Ray Atomic Energy Levels, by J. A. 
Bearden, 1967 (40 cents). 

D NSRDS-NBS 15, Molten Salts, Vol. 1. Elec- 
trical Conductance, Density, and Viscosity 
Data, by G. Janz. F. W. Dampier, G. R. Lak- 
shiminarayanan, P. K. Lorenz, and R. P. T. 
Tomkins, 1968 ($3). 

D NSRDS-NBS 16, Thermal Conductivity of 
Selected Materials, Part 2, by C. Y. Ho, 
R. W. Powell, and P. E. Liley, 1968 ($2). 

D NSRDS-NBS 17, Tables of Molecular Vibra- 
tion Frequencies, Part 3, by T. Shimanouchi, 
1968 (30 cents). 

D NSRDS-NBS 18, Critical Analysis of the 
Heat-Capacity Data of the Literature and 
Evaluation of Thermodynanr'c Properties 
of Copper, Silver, and Go'd From 0 to 
300 K, by G. T. Furukawa, W. G. Saba, and 
M. L. Reilly, 1968 (40 cents). 

D NSRDS-NBS 19, Thermodynamic Prop- 
erties of Ammonia as an Id al Gas, by L. 
Haar, 1968 (20 cents). 

D NSRDS-NBS 20, Gas Phase Re «ction Kinet- 
ics of Neutral Oxygen Species, by H. S. 
Johnston, 1968 (45 cents). 

D NSRDS-NBS 21, Kinetic Data .»n Gas Phase 
Unimolecular Reactions, by 3. W. Benson 
and H. E. O'Neal (in press). 

U S  GOVHNMIHT MINT l*G OFfiCI : IM* OL—301-022 


